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Abstract

Digital archiving of bioacoustic data provides both curatorial and scientific

benefits. To realize these benefits, key system requirements must be satis-

fied. This report discusses these requirements, and describes the software

tools developed by the WHOI bioacoustic laboratory to maintain and utilize

an archive of digitized biological sounds. These tools are written in standard

C code, and are designed to run on PC-compatible microcomputers. Both

the usage and structure of these programs are described in relation to the

SOUND database of marine animal sounds. These tools include software for

analog-to-digital conversion, text header maintenance, data verification and

interactive spectrographic review. Source code listings are supplied.
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1 Introduction

N Historically, bioacoustics laboratories have maintained libraries of field record-

3ings and prints of spectrographic analyses. Well-organized catalogs for such

collections permit routine retrieval of tapes or spectrograms in the inventory.

3 With computer systems, digital technologies can be incrementally added to

these collections. A more comprehensive review of potential digital appli-

3 cations suggests that fundamental reorganizations of bioacoustic programs

are appropriate.

U Bioaccustic studies are increasingly concerned with objective, quantita-

tive analysis of sounds. Such results can be difficult to obtain using spectro-

I graphic prints. Many research topics require analysis of thousands of sounds;

this would be virtually impossible without dramatic changes in techniques.

Many laboratories are now confronting the difficulty of maintaining or

accurately reproducing aging analog tapes in their archives. With analog

recording technologies, gradual degradation of the data cannot be avoided.

Aging magnetic tape media and tape duplication introduce artifacts and

corrupt the original recordings.

3 Digital technologies provide an immediate solution to the archiving prob-

lem. Entire tapes can be converted to digital format and stored on a variety

i of media. Although no medium is eternal, some optical storage technologies

are more stable than magnetic tape. In addition, direct digital copies can

1 be made with extremely low error rates, and such errors can be detected

and removed.

3 Important benefits can be realized even if the entire inventory cannot be

digitized. Sound sequences can be digitized and stored as they are analyzed
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in the course of research. Re-analysis can proceed with the digitized copy.

This minimizes the handling of analog tapes, reducing the risk of damage and I
degradation from repeated usage. Also, it should be much easier to retrieve

an existing series of digitized sounds than to locate the tapes and queur I
the sounds for re-analysis. Digitized sound sequences also provide "voucher

specimens" of the exact acoustic data used to reach scientific conclusions.

The accumulation of digitized sound sequences can provide new opportu-

nities, by increasing the scope of research. For example, digitized sequences

produced in the course of studying individual or species-specific repertoires 3
can be combined later to examine the structure and function of these sounds

in broader systematic or geographic contexts. To realize these opportuni- 5
ties, a laboratory must coordinate computer resources and solve a variety

of data management problems. The value of thousands of digitized sounds 3
is dramatically increased by a flexible means of organizing, selecting, and

retrieving them based on associated biological and environmental data (e. g. 1
species, geographic location, season, social context, individual identity, sex

and age). We have achieved this capability with the SOUND databases and 3
associated software tools (Watkins, Fristrup and Daher 1991). This report

describes the philosophy and implementation of our developing a tool set 3
for bioacoustic research.
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I 2 System Overview

I Our basic resource is a large analog tape library accumulated over more than

40 years. The reorganization of these recordings began with the development

of a database to improve access to the materials. Each tape is now described

in an entry in the SOUND database (Watkins, Fristrup and Daher 1991),

which includes the geographic location, time, date, species present, social

j context, behavioral observations, and other relevant information. SOUND

is currently maintained with INMAGIC software (Cambridge, MA). The

structure of SOUND makes it a convenient starting point for new research

projects. Database queries based on specific research needs can provide

j an immediate assessment of the available resources, as well as easing their

retrieval. We can evaluate the research potential of our library for particular

historical periods, geographic regions, phylogenetic groups, types of sounds,

etc.

Given the capacity to select tapes of interest, the next need is a means

of converting the acoustic data into digital form suitable for computer data

processing. Two distinct applications can be identified. An investigator may

need to browse tapes to extract particular sounds of interest. This requires

a system that is continuously digitizing, and that can be interrupted by the

operator to save the most recent portion of the signal. Alternatively, an

investigator may wish to convert entire tape recordings into digital form.

Ths latter application requires software that manages the rapid transfer

of digital data from an analog-to-digital converter to a large mass storage

I device.

Before digitized acoustic data are accumulated and software tools areI!
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developed, standard file formats need to be defined. The file format should

incorporate a text field containing enough information to ensure proper iden- I
tification even if external references are lost. The name and storage location

of a file can be used to identify sound cuts, but the embedded information i
is more secure. Digitized sound sequences - or sound cuts - are of little use

without a convenient means of searching for and retrieving data of interest.

A second database is an obvious means of organizing sound cut information,

and it can be closely related to the database catalog of tapes. Our sound

cut database is called SOUNDC (Watkins, Fristrup and Daher 1991). I
Other requirements for maintaining collections of digital sound cuts are

screening the acoustic data for errors in digitizing, cross-checking the text 5
data embedded in each sound cut file against that file's record in the sound

cut database. and automatic routines that manage the transfer of validated 3
data to archival mass storage. These are tedious and time-consuming oper-

ations; efficient and reliable methods are critical. 3
A program for reviewing stored sound cuts and manipulating the data

for further analysis is required. This should provide visual and aural pre- I
sentations of the sounds as well as the ability to make simple measurements

of signal features. Additionally, the program should be capable of exporting i
all or portions of a sound cut in convenient file formats for other analyses.

A coordinated system that meets all of these needs is described below.

Each function, along with the structure and operation of the relevant soft-

ware tools, is discussed.
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3 Digital File Format

It is impoitant that a bioacoustic collection standardize the format of their

Idigitized sound files. To assure compatibility, we have adopted a header and

file format based on the capabilities of a standard commercial analyzer, the

IKay Elemetrics 5500 Digital Signal Processor (Pine Brook, N. J.). Their

"5500" (KAY) format is used. It has a header of 512 bytes; the data follow

Iin the form of 16 bit binary integers stored in 2's complement, low byte.

high byte format.

The header is a mix of binary and ASCII data. The binary data, written

by the Kay digitizing equipment, record sampling rate, number of bits of

precision, and size of the sound cut. The text field is used for storage of

arbitrary notes and information. In the header, we record a portion of the

record from the SOUNDC database that describes the data to unambigu-

ously identify the source of the material and the digitizing process.

In the following description of the KAY file header, the bytes in the

header are numbered from 1 to 512. Not all fields are listed.

25-26: ASCII '1' '2' -- number of bits/sample.

27- : ASCII, null-terminated string -- number of samples in the file.

65-71: ASCII, "5500SD ". Kay 5500 "trademark".

121-122: binary integer -- exponent (base 10) for sample rate.

1 123-124: binary integer -- mantissa for sample rate.

151-512: ASCII text: we insert SOUNDC record information

File names code the identity of the sound cut. The first two characters

are the last two digits of the year the recording was made. The next three
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characters are a tape number within the year; tapes are usually numbered

sequentially as they are cataloged. The last three characters are the number 3
of the digitized sound cut. Because more than 999 cuts -qay be extracted

from a single tape, we use a 36-base numbering system for the cut number. i
This provides over 40000 unique cut names per tape. The digits are 0 - 9,

followed by A - Z. Thus, the cut after 00Z is 010. The remainder of t - file i
name (the MS-DOS file "type") is .KAY. Thus, 8721101A.KAY is the 4 6 th

cut (#01A) from the 211 tape recorded in 1987. The first eight characters

of the name also provide the unique identifier for the corresponding database

record in SOUNDC.
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4 Analog-to-Digital Conversion

We satisfy the digitizing requirements of our research with two modes of

analog-to-digital conversion. In the interactive mode, data are collected

continuously into a ring buffer of random access memory (RAM), with the

oldest data being overwritten by fresh samples as they are acquired. This

cycling is interrupted by the operator when a signal of interest is com-

plete, and the contents of the ring buffer (the digitized signal) are saved on

a mass-storage device as a data file. In practice, we use real-time sound

spectrographic processors for interactive data collection: the combination of

aural and visual review of taped material promotes more effective signal re-

view and identification. In addition, the interactive mode typically supports

higher sampling rates because the data are stored in system RAM, which

has much fastpr storage times. About a minute of sound can be stored at

the highest sampling rates in our systems.

In the batch mode, an extended portion of a recording is continuously

digitized into a large file, usually on a hard disk. These long data files are

subsequently edited or processed automatically to extract signals of interest.

Batch digitizing permits larger volumes of data to be acquired with reduced

operator involvement. We routinely digitize tens of minutes of continuous

sounds at a sampling rate of 80 kHz. Automatic techniques for detecting

and characterizing signals are planned to further expand our data processing

capacity (Fristrup and Watkins 1992, K. Christian pers. comm., J. Buck

pers. comm.).

The Kay Elemetrics 5500 Digital Signal Processor (Pine Brook, N. J.) is

a commercial interactive sound spectrograph used for displaying, selecting,

9
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and digitizing sound cuts. The Kay can sample and display one or two

channels. Its ring buffer has 8 megabytes of memory, which represents 51.2 I

seconds of data for a single channel at the highest sampling rate available

(81960 Hz). Optional hardware and software permit portions of the data i
buffer to be downloaded into an ISA bus computer running MS-DOS. The

file management software supplied by Kay places binary information (sample i
rate, sample precision (bits), data length) in a header that precedes the data.

The operator can choose to insert notes into this header prior to downloading

the signal data. 3
VOICE is a sound spectrograph developed at the Woods Hole Oceano-

graphic Institution (Martin, Catipovic, Fristrup and Tyack 1990). VOICE 3
consists of an ISA bus microcomputer running MS-DOS, augmented by ana-

log interface and signal processing boards. Its ring buffer is limited to 320 i
kilobytes of memory, and the maximum sampling rate for gap-free data is

about 30 kHz. At the maximum rate, the buffer holds the most recent five 3
seconds of signal. Any portion of the ring buffer can be saved as a signal

file. At present, VOICE does not support placing text in the header, but

this function is supplied by other utilities described in Section 5.

CSTRM is a batch digitizing program that runs on an AT-compatible i

microcomputer augmented with analog interface hardware. At present, it

is configured to work with the Canetics PC-DMA12 analog interface board. I
Key features of the PC-DMA12 are DMA circuitry for both A/D and D/A,

100 kHz maximum sampling rate, anti-alias filtering and programmable in-

put amplifiers. CSTRM streams data to hard disk in the KAY format at

sampling rates up to 83 kHz.

10 i

I
I



I
I
I

4.1 CSTRM: A Batch Digitizing System

By: Kurt Fristrup

System requirements: MS-DOS, ISA bus, Canetics PC-DMA12, or an

equivalent A/D board (with modifications to the code), a hard disk system

(fast and large capacity preferable).

Usage: cstrm <dest> (0 64kbyte blocks> <sample rate in Hz>

Before executing CSTRM, the operator should use a utility that eliminates

disk fragmentation. This will minimize seek time required by the hard disk,

and permit maximum throughput. The operator also must ensure that there

is enough room for the samples requested. At present, CSTRM does not

verify that enough disk space is available. We have found it convenient to

dedicate a physical disk or logical partition for streamed data and move the

data to another storage location after each session to clear the partition for

subsequent use.

The command line arguments are the disk/directory destination (a stan-

dard DOS path description), the number of 64 kilobyte blocks (32 kilosam-

ples), and the sample rate in Hz. We have digitized up to 190 megabytes of

continuous sounds with CSTRM.

Code Description.

CSTRM utilizes subroutines adapted from those supplied by Canetics

with their PC-DMA12 analog interface board. We extensively modified

the function managing continuous acquisition and transfer to disk. This

program is compiled using the COMPACT model of memory management

(NEAR code branches, FAR data pointers) to specify memory allocation

11
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functions that use far pointers. This is the only program we have devel-

oped that does not use the SMALL model (NEAR code branches and data I
pointers).

The first statement in main() calls memreq() to obtain a full 64kb page I
of memory, to serve as the buffer for the DMA data transfers. This function

allocates 128kb of memory, and returns a pointer to the first byte (off-

set=OxOOOO) on the full page of memory embedded in this block. This is a

bit wasteful of memory, but it does not limit the program's function.

The block of conditionals involving argc and argv[ ] access and test the I
command line arguments. The assignment statements referencing sets-- ini-

tialize a data structure used by the routines controlling the analog interface

board (AIB). The call to init-board() initializes control parameters in the

AIB, and kill-timer() disables the AIB's timer device. This ensures that the 3
board is quiescent prior to initiating data acquisition.

The subroutine kfrdfile-cont() performs the data acquisition. The initial 3
section of the subroutine initializes several pointers that monitor DMA sta-

tus, shift the data to 5500 format, and transfer the data to disk. The skeletal 3
5500 header is created and written before data acquisition is initiated.

The general strategy involves dedicating a 64 kilobyte page of memory as I
a DMA memory buffer, and setting the DMA controller to cyclically transfer

data into this page. Thus, the DMA controller resets itself automatically I
when a full page of data has been acquired, and resumes transferring at the

beginning of the page. The program follows the DMA controller's progress,

transferring segments of data to disk when they are complete. When the 3
page is divided into two segments, this strategy simplifies to a ping-pong
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buffer system. We use 8 segments at present, which leaves 7/8ths of the

buffer available to buffer data acquisition against transient delays during

-- disk writes.

The logic of the acquisition/write loop is relatively simple. The highI byte of the DMA pointer register is polled repeatedly, and all of the new

data (up to the DMA pointer) are shifted right four bits to translate from

3- Canetics integer format (most significant 12 bits used) to 5500 integer format

(least significant 12 bits used). If the DMA pointer has passed the end of

the current data segment, then these data are written to disk, and the

pointers marking the current segment are updated to the next segment in

the buffer. The last segment in the buffer is treated differently, because the

DMA pointer register rolls back to zero when it increments past the last

byte on the page. This mandates a slightly different test to determine when

the last segment is full. This code also updates the page count variable, and

terminates sampling when the page count equals the requested sample size.

Program termination is signalled by a brief sequence of audible tones

generated by the computer's speaker. The program also prints a reminder

that the DOS clock may need to be reset, as the timer tick interrupt is

disabled during data acquisition.

A slightly faster, multichannel version of this program (CSCRM) has

also been developed for acoustic localization. This version does not produce

a KAY formatted file: data are streamed to disk in the native format of the

(Canetics) PC-DMA12. This uses the most significant 12 bits of a 16 bit

word to store each sample, while the KAY format uses the least significant

12 bits.

13
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For multichannel recordings, the analog interface board interleaves data

from the different channels into a single file. Accordingly, an additional

program (DUMSPLIT) was developed to demultiplex the multichannel in-

formation in the composite file and to produce separate Kay files for each

channel. In addition to separating the data, DUMSPLIT shifts the sampled

values 4 bits to the right to convert from Canetics to Kay sample format.
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5 Text Header Maintenance

The text portion of the file header identifies the source of the data and

specifies the digitizing settings. This information should be complete enough

to replicate the sound cut by re-digitizing the original recording. Headers

need to be added to files made with digitizing instruments that do not

place text into the header when digitized sounds are saved. Furthermore,

changes in database structure or digitizing procedures may require altering

the format of the text already in place for a large number of files. Therefore,

a program that permits interactive modification of individual headers is

needed, along with a second program that processes large groups of headers

automatically.

HEADEDIT provides the interactive, file-by-file review and replacement

of the header's text. MASSEDIT updates the headers of many files au-

tomatically, using the information from a formatted text file that can be

imported to, or exported from, the SOUNDC database (Watkins, Fristrup

and Daher 1991, pp. 31-32).

I 5.1 HEADEDIT: Interactive Header Manipulation

By: Kurt Fristrup

System requirements: MS-DOS

I Usage: headedit <filename>

I HEADEDIT reads the header on the file, and displays three binary fields

(sample rate, number of samples, number of bits per sample) and all of the

I text information. If the two letter codes for fields used in the text database

I|1
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are recognized in the header, then the text is formatted to display each field

separately. Otherwise, the text is displayed unformatted. If the information 3
is correct, the file may be left unchanged.

If the text portion of the header is to be changed, type [Ctrl-n]. A prompt I
appears for the new text, which may be typed or "pasted" in using a pro-

gram such as SIDEKICK PLUS (Borland International, Scotts Valley, CA.). I
When the text is complete, an [Esc] terminates the entry. HEADEDIT ig-

nores more than the first 362 characters entered into the header.

The new header can then be accepted [Ctrl-y], retyped [Ctrl-n], or you 3
can exit the program leaving the header unchanged [Esc]. Our use of Ctrl-

y and Ctrl-n for yes or no stems from problems with pasting text using 3
SIDEKICK PLUS: when we attempted to paste too much text into the

header, a surplus character was sometimes interpreted as a reply to the 3
prompt. If you type [Ctrl-y], the new header is inserted in the data file. and

the program exits. If you type [Ctrl-n], the program cycles back and you 3
are prompted for a new header. [Esc] aborts the program without changing

the data file. 3
Code Description.

HEADEDIT opens the file named in the command line, and reads the 3
first 512 bytes into a buffer. Integer pointers extract the mantissa and

exponent of the sampling rate from binary fields in the header. The number I
of bits per sample and the number of data samples are stored as ASCII text

and are extracted using character pointers. The text portion of the header I
(starting at byte 150) is searched for each of the two letter codes used in the

SOUNDC database (e.g. RN). A pointer is assigned to reference each code

16I
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found in the header. If the RN (Record Number) field code is not found,

the text is displayed verbatim. Otherwise, each field associated with a two

letter code is displayed on a new line.

The input section takes text (from the keyboard or a text block from

SIDEKICK PLUS) and places it into the header buffer. The character

combination that marks the end of a line (carriage return, line feed) is

translated to an underscore. This method marks the end of each line. yet

allows most software packages to treat the text information as one continuous

* string.

The program terminates by saving the new header information, [Ctrl-y]

or retaining the old header, [ESC].

5.2 MASSEDIT: Batch Substitution of File Headers

I By: Kurt Fristrup

3 System requirements: MS-DOS

Usage: massedit <textfilename> <disk:path\>

With text and data stored in distinct locations, and many researchers con-

3 tributing to the database, verifying the correspondence of text and data

is a significant concern. Additionally, the format and contents of the text

3 database may evolve with time, such that the information in the header

becomes out of date. To address these concerns, we use the same text file

to update both SOUNDC and the sound cut headers; alternatively, we up-

date the sound cut headers using a text file written from SOUNDC. Thus,

3 MASSEDIT accepts the SOUNDC formatted text records and inserts por-

tions of each record into the corresponding sound cut file.

I17
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To prepare for MASSEDIT, a text file must be created with the partic-

ular format expected by the SOUNDC database program. In this format, I
fields within a record begin on a new line, starting with a two letter code

that identifies the name of the field. Records are separated by a dollar sign I
symbol ($) placed on a line by itself.

The first command line argument to MASSEDIT is the SOUNDC text I
file name. The second, optional argument allows the operator to specify

the storage location of the KAY files. If no location is specified, the default

directory is used. As the program executes, screen messages indicate flawed

text records or failure to locate a sound cut file corresponding to a text

record.

Code Description.

MASSEDIT begins by retrieving the text file name from the command 3
line argument list, and opens the file to prepare for reading records. MASSEDIT

reads the text for a single record into a buffer (stopping on encountering an 3
end of record dollar sign ($). The buffer is then searched for the letters RN

(Record Number), and the eight character number is read. If the RN field 3
is not successfully retrieved, an error is reported, and the first fifty charac-

ters of the record are displayed. The program proceeds to the next record 3
without taking further action.

The eight character RN code, with the letters ".KAY" appended, corre-

sponds to the name of the digital sound cut file referred to by the record.

MASSEDIT prepends the disk:path information to the file name, and

attempts to open the file. If MASSEDIT doesn't find, or cannot open the

file, an error is reported. This flags the presence of a text record for which

18
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no sound cut was found (perhaps from accidental erasure of the sound cut).

If the file is found, MASSEDIT inserts as much of the SOUNDC text

as the header will accommodate (362 characters). End of line characters

are translated into underscore characters, to avoid a conflict in the KAY file

management software. If the record contains fewer than 362 characters, the

remainder of the text buffer is filled with spaces.

The program terminates when the last record has been read and it

reaches the end of the text file.

19
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U 6 Data Verification

Duplication of text and data files can involve large numbers of files and

enormous volumes of data. Often, these files may exist on different machines,

perhaps even machines that use different operating systems. To verify that

all copies are identical, we have devised an automatic procedure based on

two public domain utilities: CRC and DIF. Versions of these programs are

available for many different machines. This procedure can be applied to

any subset of the database, and on different machines in widely separated

locations. We present here the sequence of instructions that is appropriate

on MS-DOS machines; a similar sequence exists for moot other machines.

for Xc in (*.kay) do crc c >> dirnam..crc

sort <dirnams.crc >dirname.srt

now copy the .srt files to a common machine, and execute

dif dirnamel.srt dirname2.srt

The initial CRC command generates a single line in DIRNAME.CRC for

each filename that satisfies the wildcard specification. In addition to the

name and size of the file, a 32 bit CRC value (a common error checking

code) is generated for each file. The sort command ensures that all file

entries are in alphabetical order, and the DIF command will identify and

print differences between the sorted files. This will find file omissions as well

as virtually all forms of file corruption.

MASSEDIT will identify text records that have no corresponding sound

cut file, and update the headers of all files that do match. It does not

21
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detect sound cut files without a corresponding text record. It a2so does not

check the validity of the digital data. To address these needs we developed

KAYCHECK.

KAYCHECK scans the data to ensure that the signal was not clipped

during digitizing. KAYCHECK also verifies the presence of a SOUNE'

formatted text field, and checks some of the text values for consistency with 3
the binary data in the header. KAYCHECK provides these checks on every

KAY file in a specified directory, and it generates three MS-DOS batch files I
!o assist in subsequent diagnosis of flawed files transfer of validated files,

and removal of archival files from the working mass storage. On exiting, I
KAYCHECK displays the total number of files processed and the number I
of files with flaws. The batch files automate tedious, time-consuming tasks,

and remove the possibility of faulty copy or delete operations due to errors 3
in manually issuing these commands.

6.1 KAYCHECK: Header and Data Verification 3
By: Kurt Fristrup 3

System requirements: MS-DOS.

Usage: kaycheck <diskdirectory Cc] 3
The logical structure of KAYCHECK is relatively simple. Text output files

(KCOPY.BAT, KDELETE.BAT, KDIAGNOS.BAT) are opened to receive

commands for copying files that passed and diagnosing files that have faults.

Each KAY file (located by rurbo C's findnext() function) is opened and

the header is loaded into a buffer. The record number (RN) code is compared 3
with the file name. The sample rate (SR) field is compared with the binary

22 I
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coded sample rate. The cut size (CS) field is compared with the quotient of

the binary coded data length divided by the binary sample rate. If any of

these comparisons detect an inconsistency, an error message is displayed on

screen and a line is added to the KDIAGNOS file that will run HEADEDIT

on this sound cut file to diagnose the problem.

The data in the file are screened for signal clipping that might have oc-

curred during digitizing. At present, clipping is indicated when a binary

data value falls below 1 or above 4094 (the maximum A/D sample number).

If no evidence for clipping is found, the minimum and maximum sample val-

ues are checked to ensure that a sufficient fraction of the sampling dynamic

range is used. If less than one-eighth of the dynamic range is used, an un-

derflow message is reported, suggesting that the signal should be redigitized.

In either case, a call to SIG (refer below) is inserted into the KDIAGNOS

file, and a message is displayed on screen.

IIf all tests are passed, KAYCHECK creates an entry in the KCOPY

batch file that will copy the data file to a new drive and directory and

Iperform a binary file comparison of the copy with the original. KAYCHECK

also places an entry in the KDELETE file to assist in the safe recovery of

Ihard disk space after copying.

Code Description.

IKAYCHECK begins by forming the wildcard file name using the first

command line argument (drive:directory ) and appending ".KAY". The

three batch files (KCOPY, KDELETE, KDIAGNOS) are also opened and

Iassigned to FILE variables. The Turbo C f indfirst() function is used

to locate the first file matching the wild card. These steps complete the

I 23
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preparation for the principal program loop which follows.

The first statements in the loop increment the file count variable, open

the KAY file and determine its length. The header material - the first 512

bytes - are read into a character array. The header material is checked for

consistency by the function headbado, which returns a non-zero code if an

error is found. The non-zero code causes an appropriate screen message to I
be displayed and an entry is added to the KDIAGNOS batch file to run

HEADEDIT on the KAY file. I
If no header errors are found, the data are scanned (datscano) for clip-

ping or underflow (insufficient gain during digitizing). These errors are also I
indicated by a non-zero code value returned by datscano; an appropriate

screen message is displayed and a SIG entry is added to KDLkGNOS.

A counter is used to keep track of the number of files with problems,

and when the program terminates, the total number of files scanned and the

number with problems are reported.

I
I
I
I
I

24 I
I



7 Sound Cut Review

To review stored sound cut files, a flexible tool for browsing, editing and ex-

porting digital acoustic data is required. In addition to providing a graphic

representation of the signal, this program provides elementary signal mea-

surement functions and the capability to edit and export acoustic data. The

most challenging aspect of developing this utility has been the wide range

of signal durations and amplitudes that it must handle. The graphic dis-

play should provide a reasonable presentation regardless of the particular

structure of the signal.

We have developed a utility that can be used as an independent program

(SIG) or in conjunction with the text database (R..SIG, a TSR "pop-up").

R-SIG allows immediate display and manipulal.on of the digitized signals

from within the SOUNDC database program by swapping it out of memory

and loading SIG into memory. Both versions provide reasonable spectro-

graphic displays with the default settings, and can work with files of any

size. Selected portions of signals can be expanded for more detailed display,

or exported to ASCII or MATLAB (The Math Works) formatted files for

additional analysis. With appropriate hardware, selected portions of the

signal can also be played back for aural review.

I 7.1 SIG and RSIG: Sonagram and Waveform Display Util-
ities

I By: Kurt Fristrup and Terrance Howald

System Requirements: MS-DOS, ISA bus, numeric coprocessor, EGA or

VGA video graphics system, Canetics PC-DMA12, or (with modifications
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to the code) an equivalent D/A board with DMA capability, amplifier and

speakers.

Usage: sig filename.KAY [dr] [aaJ l/v]

Usage: tsrint I
r..sig <drive:path\ >

R.SIG is subsequently invoked by hitting Alt-Eac. I
SIG is a program that produces spectrogram and waveform displays of acous-

tic data files. Additionally, portions of the data can be selected for more

detailed display or exported into ASCII, MATLAB, or KAY format files.

R.SIG is a terminate-stay-resident (TSR) program designed to work with

the SOUNDC database. When R.SIG is loaded, any file whose record is be-

ing reviewed in SOUNDC can be displayed with SIG at the touch of a key.

RSIG loads a small (10 Kbytes) keyboard monitor into the main memory.

When a hot-key sequence is detected, R-SIG saves the SOUNDC environ-

ment to extended memory or hard disk and loads SIG into memory. The

KAY file name is taken from the SOUNDC screen by R-SIG, prepended

with drive:path , and passed to SIG. When SIG is exited, RSIG restores m
the SOUNDC environment.

SIG can process long sequences (we have used it on 80 Mb of continuous I
data). When SIG is invoked, the screen clears and the program begins

scanning the data to obtain scaling parameters for the waveform and spectral

displays. Just prior to the actual display of the signal spectrogram, time

and frequency lines are drawn, forming a grid on the screen. These labelled

lines provide a convenient means of interpreting the spectrograph during

the drawing of the display, which can take a minute or more for long files.
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The grid is erased as the signal spectrogram is drawn. Cursors are used to

pick out time and frequency information once the spectrogram display is

I complete.

The completed waveform and spectrogram displays include basic infor-

mation regarding the data file. The top line contains the name of the file,

the number of samples, the minimum and the maximum A/D conversion

i numbers, the sample frequency, the dynamic range, analysis attenuator val-

ues (the latter two scale the conversion of spectral power to color values)

and the FFT size. At this stage, the commands tabled below can be used to

position cursors or alter the display parameters. Four cursors are available

to bracket features in the waveform and spectrogram display. These provide

a means of scaling the image and measuring time or frequency intervals.

They can also be used to focus on particular sound sequences by restricting

the range of data displayed. This "zoom" function is implemented as a stack

with five levels, so successive commands can be used to pick out local details

and subsequently return to the more general display.

Other commands include toggling the spectrogram display on/off, tog-

gling noise compensation on/off, adjusting dynamic range and analysis at-

tenuator, saving a section of the data to a new file, listening to the data

between the time cursors, changing the FFT size, and exiting the program.

The format of an exported data file from SIG is determined by the exten-

I sion specified for the name (.TEX, .MAT, or other). TEX files are saved

in ASCII, MAT files are saved in MATLAB (MathWorks) format, and any

I other extension results in a KAY format.
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I
COMMANDS FOR SIG

left, right arrow move a time cursor left, right. I
up, down arrow move a frequency cursor up, down.

ctrl left, right arrow move a time cursor Sx speed. I
Home <keypad> toggle front/back cursors.

PgDn <keypad> zoom in to new display bound. I
PgUp <keypad> pop back to previous display bounds. 3
Alt-P listen to data between time cursors.

Alt-Fl multiply playback rate by two. 3
Alt-F2 divide playback rate by two.

Ctrl PrtSc export data between the cursors

Esc exit the program!

Alt-F toggle spectrogram display! 3
Alt-N toggle noise compensation!

Alt-D restore default parameters! 3
Alt-F5 multiply fft size by two!

Alt-F6 divide fft size by two! 3
Insert <keypad> increase dynamic range by 3db!

Delete <keypad> decrease dynamic range by 3db! 1
Ctrl-PageUp increase analysis attenuator by 1db!

Ctrl-PageDn decrease analysis attenuator by 1db! I

-- these commands are effective during screen draw I

2
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Code Description.

The code for SIG is split into several files, which are loosely organized

by function. The core subroutines are in COMSIG.C, including maino.

All routines related to FFT processing are in FFTFUNCS.C. All simple

routines related to screen display are in PLOTUTLS.C. WHTIMIO.C con-

tains a few input/output routines related to data access and error reporting.

NDRAWVLN.C and DRAWHLN.C are graphics subroutines that utilize

inline assembly code to maximize line drawing speed. NDRAWVLN.C is

j roughly ten times faster than the Turbo C library function.

Main() copies the first command line argument (the KAY file name) into

a global string variable filename, sets global video constants and spectro-

gram scaling parameters, and passes control to pstest). This structure

I reflects our adaptation of the previous generation TSR support routines

from South Mountain Software (South Orange. N. J.). This required that

for the program to be activated as a TSR, it had to be a subroutine. In that

version, there was no main() in COMSIG.C, and the TSR subroutine used

Ipstest(.

Pstest() switches the video screen to graphics mode, opens the KAY

fe to read the data, and initializes global variables in the FFTFUNCS.C

i file using functions provided for that purpose. The header is loaded and

the sample rate is decoded from two integer fields. Next, pstost() calls

I getscale(), which selectively scans the file and determines appropriate

scaling factors for the waveform and spectrogram displays.

Gotscale() does not always read every data value in the file. Exceed-

ingly long files are sampled at regular intervals, and the scaling factors are

2
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estimated from these samples. Getscale() also estimates the background

noise spectrum for the sound cut. The sampled data blocks are ranked by I
acoustic intensity, and those that fall between the fifth and tenth percentiles

are used to form an average noise power spectrum. This spectrum can be I
used to adjust the spectrogram display such that the background noise is

"whitened".

After scaling factors are determined, the screen display commences.

Lineplot() performs the waveform and spectrogram display. If a keystroke

is sensed while lineplot() is executing, the routine aborts and returns the

keystroke code. This permits the adjustment of the scaling factors without

having to wait for the screen display to complete. 3
When the graphics picture is complete, a brief header and footer are

writ:en to summarize the salient characteristics of the sound cut. Then.

the program waits for a keystroke that would further adjust the scaling

parameters, activate time or frequency cursors, zoom in on a selected portion

of signal, or export a portion of the signal.

Any keystrokes that change the screen display (changing dynamic range

or analysis attenuator, modifying FFT size, etc.) cause getcuzsas() to exit

and pass control back to the principal program loop. The exit code is used 3
to indicate which function has been requested. After the proper parameters

have been changed, program control cycles back to lineplot(. I
The organization of the graphics display is constrained by the specifi-

cations of the EGA and VGA graphics standards. There are 640 vertical I
lines in the display, so the portion of the file being displayed is divided into

640 equal segments. If there are fewer than 640 segments of 256 samples

30 3,
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each in the file (163840 samples), the envelope display is completed (no sam-

ples skipped during min/max search), and the spectrogram is based on a

256 sample segment. Because the spectrogram buffer includes more data

than each waveform segment, the spectrogram will tend to lead the wave-

form display. In an extreme display of one sample per vertical line, features

will appear in the spectrogram display nearly one-half screen ahead of the

waveform display.

If there are more than 163840 samples in the file, data will be skipped

in computing the waveform and spectrogram displays. The spectrogram

display becomes the average of several subsegments within the data spanned

by one vertical line, and the waveform is the range of sample values observed

in those subsegments.

When noise compensation is enabled, the color scaling on screen is re-

lated to the noise floor for each frequency bin, but when this is disabled.

all frequency bins are scaled using the same standard. The noise floor is

established by averaging 64 power spectra formed from segments that fall

between the fifth to tenth percentiles in observed rms values. In practice,

noise compensation tends to bring out weak signals at higher frequencies.

The dynamic range parameter adjusts the range of values spanned by

the fifteen colors used in the display. The analysis attenuator parameter

determines the range of values placed in the same color bin as the loudest

signal found. In a linear relationship between intensity (in dB) and color

value, the dynamic range sets the slope of that relationship, and the analysis

attenuator determines the offset.

The playback feature of SIG utilizes the D/A capabilities of the Canet-
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ics PC-DMA12 board, or an equivalent analog interface system. The initial

playback rate is set equal to the sample rate. The user may increase or

decrease the playback rate from a minimum of 640 Hz up to a maximum of

81920 Hz. D/A playback is initiated by entering [Alt-P] to call the function i
staxrtdaco. Parameters passed to start-dac() are the first and last data

points, the sampling rate, and a scaling factor for the sampling rate. This I
sound playback routine executes in a manner similar to CSTRM, with the

exception that staxt-dac() performs D/A conversions instead of A/D con- I
versions. Startdac() was developed from routines distributed by Canetics

(Pasadena, CA) with their PC-DMA12 analog interface board.

Start_dac() allocates a 64kb page of memory by calling memreq() and 3
sets the data pointer to the first data point. The program then determines

the number of samples. the user selected playback rate (sample rate times 5
the scaling factor), and the number of 64kb pages to be converted. Next,

the routine initializes the AIB and executes vtfile-cont() which controls 3
the D/A process.

Wtfile-cont() examines the amount of sound data to be analyzed. If 3
this amount is less than 65535 (64kb), then the data are read from the hard

disk to memory, converted from the KAY integer format to the Canetics 3
integer format, and sent via DMA to the AIB in 16kb blocks. If the last

16kb block is not complete, the remaining portion of the block is filled with 5
the value of the last data point. The PC-DMA12 operation is halted after

execution of the last block. I
If the amount of data to be converted is greater than 64kb, then the first

64kb of the data is loaded into memory, and the conversion process is started.
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After the memory pointer passes the first 16kb, the old data is overwritten

by the next 16kb of data in the sound sequence. This process of sending a

block to the AIB and then filling that block with new data continues until

less than 16kb of remain. The last block is handled as described above, and

the function terminates

The code for R-SIG consists of one fie. Many of the functions used

in main() are adapted from those provided by South Mountain Software

(Pasadena, CA). The first code in main() checks to see if the switch "rel"

is included in the command line. If the switch is included, the program

attempts to remove R.SIG from memory. The program reports successful

removal or failure to find R-.SIG in memory. If the switch is not present,

the program checks to see if RSIG is already loaded or if a path to the

data fies is included in the command line. If there are no problems with the

command line, avaptsr() decides where to temporarily store the SOUNDC

data. Then inittsr() loads a small kernel of 10kb into the main memory.

This kernel monitors the keyboard for a hot-key sequence. When the key

sequence [Alt-Esc] is detected, run-sig() is executed. This routine gets the

name of the KAY file being examined in SOUNDC from the video memory

and prepends "SIG" at the beginning of the string and ".KAY" at the end of

the string. SOUNDC is then swapped out of memory and SIG filename.KAY

is executed. Once SIG is exited, SOUNDC is swapped back into memory

and the user can continue from the point where the hot-key sequence was

entered.
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8 Conclusions

The system that has been developed for curating and analyzing marine an-

imal sounds from our SOUND databases has evolved over several years.

These software tools have satisfied our needs remarkably well, and we an-

I ticipate that they could be useful to others for similar signal database man-

agernent. Their functions are summarized as follows:

* Maintenance of a database catalog of field recording resources and

* their contents.

* Integration of resources for interactive and batch conversion of field

recordings to digital form suitable for computer data processing.

3 Adoption of a standard file format for digitized sound sequences that

includes a text field for identification.

a Maintenance of a database catalog of the digital sound sequences and

their contents.

* Creation and revision of text information attached to sound data files.

I Verification of the presence and consistency of text information in

sound data files.

* Validation of the sound sequence data (no clipping, sufficient dynamic

range).

* Coordination of means for finalizing the animal sound data, copying

validated sound files, diagnosing flawed files, and removing files from

working mass storage once they have been archived.
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* Utilization of tools for reviewing sound data files, making simple mea-

surements, and exporting all or portions of files in convenient formats I
for additional analysis.

The WHOI marine animal SOUND database system was developed be-

fore commercial database programs were available to store and manipulate 3
arbitrary binary data in concert with text. Several programs now offer this

capability, including the capacity to develop custom routines for display- 3
ing and manipulating the binary data. These programs would remove the

necessity of coordinating a database catalog with separate archives of digi- 3
tized sound sequences. However. they would not offer equivalent latitude in

analytical procedures. A critical factor in evaluating such databases is the !

flexibility allowed for custom programming and the ease of developing such

analytical routines. I
The evolution of research requirements emphasizes the need for flexi-

bility. The SOUNDC database was designed to encourage selection and

retrieval of data files based on biological criteria. Our recent work has 3
focussed on automatic characterization of marine animal sounds (Fristrup

and Watkins 1992) requiring analysis and comparison of sounds from many 3
species. This could have been accomplished by performing separate select

and copy operations for data associated with each species, with distinct disk

directories dedicated to each set of data. However, it was much easier to

process all relevant sounds without prior sorting. We subsequently linked 3
all of the numeric results to their respective SOUNDC entries, and used

database queries to sort and summarize the results. 3
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We discovered that INMAGIC software currently used by the SOUND

databases was not flexible enough to conveniently support this kind of

linkage between text information (which remains unchanged) and varying

amounts of numeric information. Relational database programs (such as

PARADOX, Borland International, Scotts Valley, CA) supply this flexibility

by providing linkage between separate tables of information. The SOUNDC

data was translated, therefore, into a PARADOX table that carried the

biological information. The analytical results were tabulated separately,

with a file name and the related numerical values constituting an entry.

The SOUNDC record identifier and the file name field in the numerical ta-

bles provided the means of linking the tables. Categorical summaries were

obtained by performing queries based on the SOUNDC information, and

reporting linked numerical data specified by PARADOX.

It is not possible to foresee future research requirements, but extensive

retooling can be avoided by sufficient scientific insight and effective data

management. The time invested in acquiring and annotating the digital

bioacoustic data will be well spent if the resulting system facilitates estab-

lished protocols and fosters innovative research.
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9 Appendix: Source Code Listings

These listings represent "working code"; they are not necessarily free from

bugs or structured in the most logical fashion. Continued development and

modification are anticipated. Most of the code for these programs was de-

veloped using Turbo C++ (Borland International, Scotts Valley, CA); the

exceptions are the 87FFT library (Microway, Kingston, MA) and some video

graphics functions that were coded in assembly to increase screen drawing

rates. We used standard C code to enhance portability (object-oriented ex-

tensions were not used). Compiler switches were set - for efficiency - to

generate 80286 code, use a numeric coprocessor, and maximize register and

jump optimizations.
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/0

Gutted Canetics routines for fast streaming to disk
MUST BE COMPILED WITH THE COMPACT MODEL!!!!!!
kf 4/26/90I

#include (stdio.h>
*include <dash>
*include <atioch>
#include <stdli.h>
#include <string.h>
#include <coniobh>

*include <fcntl.h>I

#include <stath>
#define CONTROLA /add+1-4 / 15876
#define CONTROLB /* add+24 15880
*define OFFSET-.ADD /* add+10'4 /15912
#define RESET-.ADD /0 add+11*4 /15916
#define DMAMODE.ADD 11
#define DMA..MASK..ADD 10
#define CLRPTRADD 12U
#define AD-TIMER.MODE 122 /3ad is timer #1 in this mode/
#define DA-TIMER..MODE 52 /3and da is timer #0/
#deftne TIMER-AD 15925
#define TIMER-DA 15924I
*define TINIER-ADD 15924

#define TIMER-MODE-ADD 15927
#define STA 15904
#define STD 15908
# define TOGGLE-DACJLDDRESS 15888
#define BLOCK SIZE 0x2000
typedef struct settings *psets;
struct settings setal;
psets sets;I
int mob. lsb, array-.size;
char c;

unsigned nurn-of-transfers;

int fuel;I
int file2;
unsigned runstop. inline. gainbits, inmode, offset;

char fourloaig, Hlag;

char bits(9]

UH-OFF returns the segment portion of an anti-hugified pointer

#define UH-SEG(p) (( FP-SEG( p ) + ((FP.OFF( p) )>> 4)) OxFOOO)
#define UH-OFF(p)
((int) ((((FP-SEG (p)+ ((FP -OFF (p)) > > 4))&0x0FFF)«<4) +(FP OFF(p)&x000F)))I
void soundof(int frq. long dur){

long i;

sound~fiq);
for(i=0;i<dur ++);

mnt far *memreq(void){
int tempeg-,
void far *death-to.nonbelievers;

deatb..o-nonbelievers = farmaUoc(0x20000L);I
if (de th~ononbelievers ==NULL)f

prinmf(Cortedt =%ld Need %ld\n\r", corelefto, Ox20000L)
putchar( 1);

exit( 1);
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tempeg = UH-SEG(deathto.nonbeLievers);
if (U H-OFF (deat h~onozteieves) !=0)

tempseg += Ox 1000;
return (int far *)MK..FP(tempseg 0);

for digital 1/0 and muxe

#define CONTROL-ADD 15876
#define OUTPORT..ADD 15932
*define STROBE 15892

guttedlib8Oxc for efficient streamer

This routine initializes the PC's DMA controller prior to doing convers.ions.
It masks DMA channel 1 on, sets the channel's mode, transfer direction,
starting address, and number of transfers to be made.

void ini t-dna-ad (unsigned count, unsigned seg){
outp(DMA JMASK-ADD, OxO5);
outp(DMAMODE-ADD, 0x45);
outp(CLRPTR-ADD, 0);
outp(2, 0);
outp(2, 0);
outp(3, count & OxOOFF);

outp(3, count >> 8);
outp(130, seg);
outp(131, seg);
outp(DMA JMASK -ADD, 1);

This routine initializes the PC's DMA controller prior to doing conversions.
It masks DMA channel 3 on, sets the chan~nel's mode, transfer direction,
starting adcfress, and number of transfers to be made.

void init-drna-da(unsigned count. unsigned seg){
outp(DMA..MASK-ADD, 0x07);
outp(DMA.MODEADD. Ox4B);
outp(CLRPTR.ADD, 0);
outp(6, 0);
outp(6, 0);
outp(7, count & OxOOFF);
outp(7. count >> 256);
outp(130, meg);
outp(131. meg);
outp(DM A -MASK -ADD, 3);

void init-dma-ad-cont(unsigned seg){
outp(DMA -MASK -ADD, 0x05);
outp(DMAMODE-ADD, 0x55);
outp(CLRPTR..ADD, 0);
outp(2, 0);
outp(2, 0);
outp(3, &xFP);
outp(3, OxFF);
outp(130, meg).
outp(131, meg);
outp(DMA -MASK -ADD, OxOl);

This mnt initializes the control registers on the PC-DMA using the
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offset, m!ine, runstop, datasize, inmode, gainbits, and flterstate
global variables. It also resets the board before and after to insure
that the board's controlling state machine is in the proper state to I
start convenions.

S/

void init.bo&rd(psets sets){
unsigned temp; I
temp = sets->mline + (sets->rumstop << 5) + (set&->fiterstate << 6)
outp(RESET.ADD, 0);
outp(OFFSET.ADD, sets->offset);
outp(CONTROLA, temp + (sets->datasize << 7));
outp(CONTROLB, 2 + (sets->inmode << 2) + (sets->ganbits << 4) + 128); I
outp(RESET.ADD, 0);

if (sets->datasize == 0)f
outp(CONTROLA, temp + 128);
outp(CONTROLA, temp);I

if (sets->dc2flag == 2)
outp(TOGG LE-DAC.ADDRESS, 0);

S/* initboard() */

This function disables all the counters in the PC-DMA's on board timer
device. Use this routine before changing any of the board's operating
parameters. The timer activation routine should be the last thing called
before conversions start.
-/
void kill.-timer(psets sets){

outp(RESET-ADD, 0);
outp(CONTROLB, 15 + 16*ses->ginbits + 128);
outI:(RESET-ADD, 0);

if (sets->dac2flag == 2)
outp(TOGGLE-DACADDRESS, 0);

outp(TLMER-MODEADD, 50);
outTIMER.MODE-ADD, 114);
outp(TIMER-MODE-ADD, 178);
init.dxnada(0, sets->seg);
initSa.ad(O, sets->seg);

/rI )I
This routine initializes the timer device on the PC-DMA, setting it
up to generate trigger pulses spaced (spaces) microseonds apart.
Note that the A/D's timer is operated in a different mode from that
of the D/A. The D/A's timer is a straight divide by n counter producing

triggering pulses every n microseconds. The A/D's timer, on the other
hand. is triggered by the D/A's timer and functions "s a programmable
delay. It is used to produce a triggering pulse n microseconds after
the D/A timer produces a pulse. This was inted to allow Input and
Output conversions interleaved at a rate determined by the D/A's timer,
and spaced (D/A to A/D period) by the A/D's timer. In order to use the
A/D alone the programmer sets up the timers for interleaving but sets the
D/A to be triggered by softwar control, effectively disabling it a far
as the timers are concerned.
-/|

This sets up the timers for both the A/D and D/A in interleaved mode.
if only the A/D is being used, set the inmode variable to make the D/A

controlled by software strobe, disabling timer control of it.

vod ini t-imer.ad(unipned spaces){
outp(TIMER.MODE.ADD, DA.TIMER.MODE);

outp(TIMER.MODE.ADD, AD.TIMER-MODE);
outp(TLMER.DA, spaces & OxOOFF);
outp(TLMER.DA, spaces >> 8); U
outp(T[MER.AD, 2);
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outp(TIMER-AD, 0);
}/* init-timer-ad()

sets up the program for streaming to disk

voi bikiia-cotzit peschr actiae

kil.Lt.irer(sets);
biksizl (blkz=BLOCKSIZE) - 1; blksz2 = blksjz>>1;
lauibuff =(256(bkikmn8))«<8;

curfil = pncsa me
O-WRONLYIO-CREAT 10OJRUN CIO BLNARY,
SJWRITEIS-IREAD);

blkptr = MK..FP(set->oeg<<12,0);I memset(blkptr,0.512);
*(blkptr + 6-0) =2,
*(blkptr + 61) = 10000/set- >waits;
write(cufil blltr,512); /* reserve space for header/
set&->iuunode = 1
init -board (sets);
irLtdna-ad-con (sewh >seg);
printf("reading ...\n");
outp(0x21.Oxb9); /' "il the doe clock interrupt/I ipage = 0; jbuff = bLksizl; blkndx = (irotptr =blkptr)-b~koz2:
irnii..imer.ad (act*-> wait&);
outp(CLRPTR-ADD. 0);
while(ipage < sets->numuof4,ag){ /* ipage is 64k page#/

while(jbuff < Oxffff){ /* jbuff=ofs lastbyte in current buffer/
while(inp(2)jbuff >= (pofset = (unsigned)inp(2)«8S))

while(FP-OFF(irotptr) < pofset)
"irotptr+4 >> 4;

while(FP-OFF(irotptr) <= ibuff)
irotptr++ >> 4;

print,("%p %p %u\n".irotptr. blkizx, jbufr);/
write(curfil ,bikidx +=blksz2bLkmaz);
jbuff += blksiz;

)/* first n-I bufferm: while jbuff < Oxfff!
while (ip(2) ,last buff <= (pofset = (unsigned) inp(2) <«<8))

while(FP-OFF(irotptr) < pofset)
'irotptr++ >> 4;I while(FP..OFF(irotptr) > 0)

*irotpcr++ >>4;
I. printf("%p %~p Veu\n ,irotptr. blkndx. jbuff);/

write(curfU~blkindx+ =blksz2,b~ksiz);.
ipage++; jbuff = blksizl;

outi D 2ltxb) / restores the do@ clock interrupt/

I oexit(.il);
eose aif~n (argcha 4) o~

sets->a&octal20

else{i agc<4

sesIwit 0



44 CSTRM.C I
if (0.0=atotargv[3]))j

printf("problern converting %a to sample rate \n" ,orgv [3));

sets->waits = l.0e6/atoqargv[3]);
if (14 >sts)at;

printf('rnaxfum samnpling rate for DELL 316ux system is '7148zn)

if (atoi(argv[2]))
mets,->nurn-of-pag = atoi(argv[2]);

elefprint f("roblem converting %s to number of 64kb blocks\ n",argv [2]);

exit(-I);

prin~f("%d mnicroiseccmd saxnpling\n%d 64kb blocks\n%e minutm of sampling\n",
sets-> wi,set- >nun-f.pag,I
(doubie)65536.0e,-6*sets- >numn.of-pag'sets- >waats/60.0);

sets,->dlatasiZe = 1; /* 12 bit sampling */
sets-> miine = 0; /* one channel sampling

sets->rursstop = 0; / no multiplexer cycling/
sets->gainbits = 0; /set gain = 10/
set.->inxnode = 3;
sets,->offbet = 128;
sets, >fijterstate = 0;

set:>sigFISE (M r 012

sets->dac2flag = 2:

numn.of-transfaes = sets- >numnof..con *2;I

kill-timer(sets);
kfrdfile -cont (sets. argvfl]);
for(sloop=400;sloop< IlOCX2;slop= (sloop* 109) /1OD)

soundoff (sloop. 25000);
for (sloop =I000sloop > 400sloop =(sloop100) /109)

sowxioff (sloop.25000),
nosoundo:

printf("you may need to reset the dlo. clock' use ncc\n");I

/* -n
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/a
HEADEDIT: inspect and edit '.KAY file headers

*define YES 0x19
*define NO Oxe
*include <stdio.h>
*include <stdlib-h>
#include <sting-h>
*inclde <coruo h>
m.in(argcargv)
im argC;
char a&rgvfl;

FILE *fin;
long saniprate;
chat ch,*bdbeg. *hptr[4Ol, headerjsl3);
int ind. i. *imant, 'iexp:
char *strcode ="RN \OCC \ONC \OSR \OCS \OPL \OSC \OID \OAG \OIA \OGS\

\OGA \OOD \ONT \ODA \0GB \OGC \OOT \OSH \OOS \ONA \0D1 \0BH \OHY \ORC \0RG\
\ORB \ORL \OST \0SL \OSD \OSP \OFF \0FS \0SB \OFE \OAL' \OLO

header[51 2]0;
dracr();
fin =fopen(&rvj"r+b");
if (argc I )

priif ('incorrect comma~nd taal\ruise headsldit fnaine\n');

exit(2);

if (fin ==NULL){
printf("%cs not opened \n",argv 11));

exit(I ):

fread(header.1 .512.fin);
izuant = (iexp = header + 120) + 1;
samprate = *irant;
whiile( exp-)

samprate =sarnratelO:
ind = 0:
hdbeg = header+ 150:
printf("%s\n" .argv[l]l:
prnlf("sanple rate: %ld\n" ,aanprate);
printf(-bits: %c~vc\n",'(headar+24), (heder+25));
printf(samnpes; %s\n" jeader+26);
if(NULL =t rt r(hdbeg,"RN ")){

/ * dump contents on screen for diagnosis/
for(i=0: i<512.1S0: i++)

af(z%70)
printff'Vsc"(hdbeg+i));

else
printf("%c. 'hdbeg+i));

)/* RN not found
else{ /* RN found/

do(
/* tag a6l recognized inhnagic codes with pointas*/

hotrlaarnell stratrj~i~how trrode):
if ((hptr[iacMd != hdbeg &(hptr[icrnd]! =NULL))

* hptricmd)-1) = Ox7f;
strcode += 4;
icmd++;
)while (stcode&& (icmd <40));

for(i=0;a(S12-l5Oj++)
switch (*(bdbeg+i)){

/* place nuli before all inmagic codes found/
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case Oxlt

*(hd~beg+ i)=0;
break;

/* convert end of Lines to underscores/I
case ox~a:
case OxOd

*(hdfbeg+i)='-2,
break,

/*pitout nrnagc fed
(iicmd ;i++)I

print f(" n\D.hptrfi]);

I
/if change desired, read from stdin and write into the file/

printf("hs the header correct (ctrl-Y, ctrl-N, or ES)?)
do{

ch=toupper(Oxft-getcho);
if(27==dh)

cirscro,exit(0);I

while(NO==ch){
/* ok, we want to change the header information/

clrscro:
printf("paste using SideKick now, end with <Esc>\n");
for(i=0;i(512-1 50;i++ ){

if(0x~b=(ch=getch0&.Oxff))
break;

if((Oxa==ch)jI(Oxd==ch))I
ch= 2;

putch(ch);
*(hdbeg+i)=ch;

for(;i<512-1S;(hdbeg+i++)='

for(i=0<512-150:++ ){
putch((hdbeg+i)):

printf(" I this correct';

if( 27= =dh)I
c1recifl,exit(0);

}while(YES!dih && NO!=ch);

continue;I

fseek (fin,(long) I50,SE EK-SET);
for(i=O < 512- 1 50Outc(*(hdbeg+ i+ +),fin));
) /' while NO == ch/

fclose( fin);

In~iI
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/I
MASSEDIT: &utczntically update KAY files using inmagic .TXT files
for every RN in the .TXT file, look for a corresponding KAY file* and insert the appropriate header information

*include <stdioh>
#include <stdlib.h>
#include <string.h>I #define TSIZE 512-150
maan(argc,argv)
int argc;
char a&rgvO;I { FILE Ofln, Ifout;

jut j, i;
diar ch, headtext[TSIZE], ofname[80];
if (argc < )C

primif("inoorrect command tail\mtee nmsedit fname\n");

if(NULL == (fin = fopen(argv[l],"r"))){

printf("%s not opened \n",argv[1)

for(i0;i<TSIZE &k !feof(fln);i++)
iI( \n'==(ch=getc(fin)))

head text [i]=.
else if('S'==di)

elebreak,

if(TlZE=i) cea trs of the record

while'\n'!=getc(fln) && !feof(fin)): /* clear the newline character/I j=sacanf(headtext," RN %(O.9A.Zaz]" ,ofiame+strlen(ofnme));

prinf("%55.QB<notscannsed \n".head text);
continue;

strcat(ofnarne,"Iay");
for(j=Oj<TSIZE;printf("%c" .headtextUj++]));

if(NULL==(fout=fopen(ciname"r+"))){

printf("ernor finding Vs\n".ofhazne);
continue;

fseek(fout.(long)lS0.SEEK..SET);
fwri te (head text.I ,TS IZE.fou t);
if(0Y=fcloae(fout))

printf("error closing %s\n",ofname),
menoet(headtext.O,TSIZE);
} whiJe(!feofin));

fdofin);

Ieu()
mai
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/S

KAYCHECK

check all KAY files for proper a~nnotation
dipase6hethtfistets

*define HILIMIT 4095

#deflne LOLIMIT 0 /* limits for 12 bit integer swrmpling in KAY' format/I

#define NOT ESTART 150
#define RNNO I
*define SRINO 2

#define CSNO 3
*define RNBAD -1
#define SRBAD -2
*define CSBAD -3

*define SIZBAD -4

#define BUFFSIZE2 8192
*includer <stdio.h>
#include <io.h>I

*include <fcntl h>

*include <mnath h>
#include <stringh>
unsigned RN =((umigned)'N'<<8H(uniipwd)'R';
unsied SR =((umigned)R'<8)(un igned)'S'
unsigned CS ((unsipied'S'«<8)(unsigned)'C:;

ER RE XIT

void errexit(char 'mag){
fcosealJO;I

getcho;
exit(.l );

/* ) I
FOE/ q

long fopeninp(char *fnarne, mnt *ifde){

*ifile = open(fname.O-RDONLYIO-BINARY);

pritf("Source File opening did not succeed: %s\n" ,fnrne),
prirktf(' Enter file name for input file: )

if (!scanf("Vs\n"Jname))
erre xi t(" aborted from file entry");

'ifle = open(biame,O _RDONLYJO -BINARY);

lseek(ifi~e,O.SEEK -END);I
return(teUJ(*file)); /' return number of bytes .

DATSCAN

reads integer data from binary ifl. checks for overrange errors
compute summaury statistics and writes these to text file s11

in& datocan(int ill. FILE 's8i)
int ii, ibufl[BUFFSIZE], *iptr. ired. ival. in-in. imax;

innim.x(HILIMIT-LOLIMIT)/2;
while(!ef(ai))J/' MAIN DATA LOOP ~

ired = read (iflibuff.BUFFSIZE2) >I;

for(ii=0. iptr=ibuff: ij++ < ired; )f

if(LOLIMIT >= (ival=*ptr++))



KAYCHECK. C 49

return(. 1);
else if (HILIMIT <= ival)

return(- 1),
if( inin>ivl

else if(rnmx<ival)

imax = ival;

if((inax-imin)*(lonlg)16< (long) (HILIMIT- LOLLMIT))
retwn(-2); /* underflow/Ielse retw-n(0);

F IN DLB L

looks for a two character sequence in a null terminated string

char *findlbl(char *buff. unuigned key){
unuigned 'iptr,
while (i pr= buff buff++ kk 'iptr!=key); /' move int ptr bytewise/
rrtum((-sff7 buff:.N ULL));

HEADBAD
checks for inconsistent reeno, sample rate, variant cuat size
returns an int error id

int headbad(char 'fniaze, char 'hdr. long fsiz){I double c-utsize.
long sarnprate. harate, naaxnples;
int 'imnt~l, *iexp;
char *keyptr, sfieldf 80];I imn = (iexp =hdr + 120);
samnprate = '+4mmant:
sscanfhbdr+26."%1d .,&narnples):
while( mex p-)

samprate = saznpratel10;
if (NULL!= (keyptr=findlbl(hdr+NOTESTART.R.N))){

&scanf(keyptr."RN %(0-9a-zA-Z] .sfield):
mi(stricmp(sfieid.fnazne))

return(RNBAD): /' not equal if non zero

i(NULL!= (keyptr=ftndlbl(bdr+ NOTESTA RT,SR))){
socanf(keyptr,"SR %lu",&hsarate);
if(luraie!=&amprae)

retur*mSRBAD); /* sample rates don't agree '

elerettvn(SRNO);

if (NULL!= (keyptr-findbl(hdr+ NOTESTA RT,CS))){
soad(keyptr."CS %le" .&cutsize);
cu tiz- = (double) nsainples /u smprat e

if(cutsize >0.1 11 eutsize <-01) / errcr gtr 0.1 sec
return(CSBAD); /* cut size off -

i(nsamples ! (fsz-HEADBYTES)/2)
return(SrZBAD);

return(0),

headbsd()
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main(int argc, char *argvo){
FILE *fstatcopy,sfdelete,fchck.
char headea[HEADBYTES+ I]; char fnamere, 9] .nazne[8O] I
int fin, ifiles=O, iwrong=0, found, headval;
stnict ffblk filerec
long aength;

strcpy(frtare,argv[1]); /* must terminate with a b~aslash/

if(NCLL==(fcopyfopen("kcopy.bat,"w")))
errexit(" error opening kcopy file");

if(N ULL= =(fdeletefc(oen(" kdee te. bat" ."W"))
errexit('error opening kdelete file");I

if(N ULL= = (fcheck=f(open(" kdiagnos. bm"~," w")))
erreit("error opening kdiagnos file");

fprirs f(fdieck," echo ofl\n");

whl~cadfound = 'findfirst (fnrne,& filerec,O);I

ifillm++;
header(H EA DBYTES] =0; /* null terminate the header string/

strcpy(fnanie.&rgv[I]); /* must terminate With a backslash/

flength = fopeninp(tnrne,&fin)
lseek(fin.0.SEEK-SET);
head va] = read( finheader, HE AD B YTES )
fraunerec(sJ =0;1
mnemcpy( fnaxnerec ,fileruc.ff-name .8);
if(hcadvalheadbad( fraxerec,header,flngth)){

priinfU'Vs %02d/VtO2d/%02d %02d:%02d.
file rec.ff..nare,I
(f-Jerec.ffifdste&Oxlff) > > 5
filerec.ffjfdate&LOx 1f,
(fllerecffidcat > 9)+80,

(Fierec.frfjtire Il,) >5)
iwrong++;
switch (hesdval){

case RNNO
fprintf(fcheck. "echo RN not found \npause\ n")
break;

case SRNO
fprirt fcdeck," echo SR not foumn\npause\n");
break;I

case CSNO:
fpriritf(fcheck"echo CS not found\npauwe\n");
break;

fpri t f(fcheck." echo RN does not agree with fliename\npaaise\n");
break;

case SRBAD;
fprintf(fch eck,"echo SIR does not agree w'th kay value\npause\n");

case CSBAD;

fprintf(fcheck." echo CS off by more than 0.1 sec\npause\n");
break;

case SIZBADU
fpriiktf(fche&,' eaio file length != nurmiber of sarnples\npause\n");

/* switch */
fprintf(fcheck,"headedit %s\n-.fnazn);

I *if headval */ I
else if (head val= dacan(fin~fstat)){

prrf("%s %02d/%02d[%02d V%02dO2d"
flerec-ff..narne.
(filerec.ff-fdate&Qxlff) > >5,I
ftlerec.ffjfdate&Ox If.
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(filercff-fdate> >9)+80,

(fi.Jerec.ff.ftime&Ox3ff) 5);*/
if(- I==headval)

fprintf(fdhee&,"edio DATA Ovemm\npause\n");

else
fprintf(fdieck," echo DATA Underflcm\npause\n");

fprirnf(fdheck,"raig %a\n" ,fname);

close(fin);
found = !idetkiee)I ) /* while found '/

printf('%d files found, %d had probleu\n"ifisjwrong);
fcloeaUlO
ret urn (0),I/ main
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#define DRDEFAULT 27.0
*define DSDEFAULT 0.0
*define UNLOADI
*define SCRFILE
*include "wbtimioxc"
*include "nagbUa.h"
#include "dcicc"I
/extern unsigned -stkleri=Ox2O0O;/
/ * externals used to permnit access from extex.ial soiurce files&
char filename[NAMESIZE]. pathnsmie[NAMESlZE],

kolora[VVSCALE], beader{HEADWORDS«<1,
/* globa,6 for video */I
it vidpage, YSC&e=VV SCALE, hscale=HSCALE, bstgnode=VRSTGMODE,

botline=VBOTLLNE, ovidmode;
int idat(MAXFSIZE], drsatwrate;
int xfsize;

global fot:avgpow assigned only in getacae

rdat assigned. referenced many places, colacale assigned in
pstest near getwcale. maxpow a diagnostic used (p>otentially) many places
. /I
float rdat[MAXFSIZE+2], avgpow[(MAXFSIZE+2)> >1]. colscale, MA pow;

T IC MARK S

plots ticmarks to aid interpretation during drawing

vcid ticrrnarks(Icng hc, mnt vriun, int fplot){

diar coLr;
double ticval:

int i,tidineticexp;

approx 5 horizontal (time) tics, rounded to I significant digit

ticexp=floor(ticval=loglQ( (dcxible)hc*HSCALE/(5sanpfreq)));

t icyal =floor(pow (10..0, tic val- ticexp) +0. 5);
for(cnLr3.i1l:

HSCALE > (ticline=
iticvalsnpfreqpow,(I0 0.(double)ticexp) /(double) hc);i+ +){

drawVLn(ticlir vrnin,vmale.&coir0) I
gotox y (mt )( (long) tich~ne *SO/H SCA LE).3);
itoai( (mt )ticval .~koors.10);
writSting(kolor%.vidpage);

} Uy(08,)
writString("seuonds x10",6,vidpage);

itoa(ticexp.liolors, 10);

if (fplot){

apprcz 5 vertical (freq) tics; assumes never <1 Hz per tic

ticexp=floor( ticval =log I O(sampfreq~ 10.-0)):
tic val =floor(pow (10.0. ticva- tice xp) +0.5) 'pow (10. 0,(doube) tice x);
for(colr-3.i 1.

256 > ( cie-*ticl,0. sCAL eq-l~+) 1* colr)

256 > (oticli2 ticv.125/apfeqll+) xsz

strcat(kokws. Hz"):
wnitStning~koors.5.vidpagr):
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/*tiernarks

LLNEPLOT()
divides the time domain "euence in ifi into hinc sized cellsI starting at sample flrstd (==byte 2*firsd); hinc precomputed
and draws a vertical Line extending from the maximum value to the
minimum value, the vertical scae of the plot remains set by the
maximumn foundl in the file.I Stnt lineplot(int ifi, long firstd, long hinc,

int rnnval, int mxval, int fqplotint xnoise)

iar colr;vmxvmx vmin, vidxnjn, vidznax, i

long akptween, Lkpfter;

int be oo,*pr

/ch((char)0x7);/
resid~xfoize; /* initialize partial screen blank marker 9-26-91/
set graphics(bstgmode);
vidmin= 16; vidma~x=(fqplot ? vscae- SPEKDISP :vicale);
ticmnarks(hinc~vidzniinfqplot);

vrnult=(float)(vidmin.- vidnax)/(mrxval-mnval);
vaddvidmn~x - vmultmnvai;

if(16 < (nblkavg=hinc/256)) /' xfsizesekil(lg)EDO Sfrtd« i.EKST)
nblkavg= 16;

if(nbtkavg){
akptw een= (hnc -(long) 256nbkayg) I nblkavg; /* xfsize

gai-s t(gan se (.0)/(oule)nbav);/' adjust gain; incoherent/

idacread(ifl,256.(long)O.idat): /* xfsixe/

&kpafter=hinc%(256+skptween); /* xfsize/

if small hinc causes data overlap. get initial block
subsequiently, the old data is shifted right and new

data is fied in on the left

for(rboeof~ 1, hbine=O. hscak>hline; hlixn4+ ) {
vmax =- (vmun = k!A X IN T);
fptr--rdat; iptr-idat; /* used in both halves of if hinc>xfize .
if(nblkavg) {

merruet(rdatPD,2+xfsize< <2);I for(ibuf=O; ibuf++ < nbikavg;){
noeof=idatrad( iflxfsize.skptween.idat);
fmninmnax(idiat. noeof, kvvmin. kvvmaz);
vn =min (vmin, vvirtn); vnax ma.x( vma.x. vvmnax),I if (fqplot)

for(i=O; i++ <noeof; fptr++ +='iptr++);
fptr--rda&; iptr--idat; /* reset pointers S
) /* done with whole blockmsf

if(fqpkot){
fldemean( rdat ,xfsize),
makePspec( rdat.xfsize);
if( xnosse)

colrPspec(rdMz.koloms256,cdl~e). /* xfsize nr~pc dt.vpwxsz)
draw VLn(hiine.vscae- 256,vcae-1 .kolors. 1); /* xfsize/
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noeof=idat read (i H.(in t) skpafter (long)o jdat);I
frn~inxnax(idat, nocof, &vvxnin, &vvrnax),
Vrnin=mjxn(vmin, vvxnin); vrnax=max(vmax, vvrnax);
) /* if hinc >xfsize */

else{ /* overlapping segments/I

fmninmaz(idat, hinc, kvm-in, &vmax);
if (fcqpiot){

imean2fp(idat,rdat,xfsize);
rn~akePspec(rdat~xfsize);I

normPspec(rdat,avgpow,256); /* xfsize
coirPspec(rdat, kolors,256,colscale); /* xfsize/
dirawVLn(hline,vscae-256,vcale-I .klors,l); /. xfoize/U

rnemcpy(idat.idat+hinc(256-binc)«1I); /* xfsize/
noeof=idatread( ifi~hinc,(long)O,idat+256-hinc); /* xfsize/
resid-=hinc-noeof;

elae{ *ljeIvscale~kokors,O);

I/* if hinc > xfsize ...else/
if (resid>O){

vmjLn=floor(O.5 + vacld + vrnut*%rnin);

vmax=floor(O.5 + vadd + vznuitvmaz);I

vmiax = max ( vmax, ,dnin);
colr=O: draw VLn (hlne. vidznin. vidnax& cor,O); /* coLr=O/
col12; raw VLn (hine~rnin. vnax.coLr.O); /* colr=1 2/

if(bioskey( 1)) {
if(nbikavg)

gain-se t(gairL..et (O-0)*(douible) nblkav g); /* reset gain/I

)/ for Mline/
re t Lrn (0);
}/* function lineplot/

"CURSE
'fin, 11n mnark the begin and end cursor positions
Unis and Idip mark the binrnen data n the usrdisplay

fdis and Idip m~rk the binrnen data n the display
txnov can be poeitive or negative, and it has been multiplied by hocale already

void vcurse(long *fn, long 11n, long fdisp, long ldisp.
long imov, unsigned lcurs)I

if{cr~
if (ldisp < (*11n +=imov))

*Un=ldisp;
else if (lii < *fln)

if (fdisp > ('fln +=imov))
*fLnfdisp.

else if (*Un < *fLn)
fin II,
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HCURSE
*fba,, ilba, mark the begin and end frequency bars

iznov can be positive or negative
upbar is nonhero for upper bar

void hcurse(int *ub, i db, int imov, i upbar)
f
if (upb-r){

if (SPEKDISP.1 < (*ub +=imov))
Oub=SPEKDISP-1;

else if (*ub < *db)
Oub*db;

elsm
if (2 > (Idb +=iznov))

*db=2;
else if (*ub < 'db)

'db='ub;

TLMCAT
timcat adds a minute./seonds scii string to global string kolors

void timcat(long jcunse){
tnt, i.
diaz itrw[5], *cp;
ltoa&jcurs/(6os-AMpfreq),kolors+strlen(kolou),10);
strcat(kdlors." :);
itoa(Ucure/--mfreqiJ%Okolors+atrli(klors) .10);
strcat(kdlors,".*);
ltoa(6 cure*long) 1000 /sapfreq) %(long) 1000 is10);

for(cptmrs+k-1. i=O; k>i++; *(cp+jfr'cpcp-);
for(a0,. cp=im. a++<j; cp++='0');
'(izzu+3)=O; /* terminate with null/

strcpy(kolors+stren~kolors),im);
strcag(kolors,s);

CRSWRIT
saves repetitive code in getcmres()

void crswrit(long ieur, int row, int lstcue, int ip, long hnic){
in& j, unin, sinaI,
gotcmy(20.row);
strcpW(Woors,"n=");
ltoa(icursklo~or+srua(kolors) .10);
strcat(holors,", t=");

strcat(kors.", *)
xu&ax=-(smin=MAXINT);
lsee~ip.(HEADWORDS+icurse)«1 ,SEEK-SET);
j=mmn(hpcj~zrii~ie.(ng) O daL));
finrntax(idatj ,&uin,&'Msz);
itoa(uin.kolon+trlekiore) 10);

ito&amaz~olors+strla(kolors),1O);
strcat(kors., pb=");
Itoa(-m freqc"aerklor+strfl(koors) 10);
strcat(kodors,"Hz");
it (raw)

writString(koloru.16+CUTRSCOL+ lstcurne,vidpage);
else
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writStning(kolor,4+CURSCOLItcurevickiag);

GETCURSES()
assumes that the screen is already in graphics mode, and that the time
domain plot has already been drawn.
defines region of interest using begin and end mnarkers (vertical lines);
firstd is the starting data s-le, laatd is the ending data samp leI
hinc: is the horizontal data inrsnnt

a/

in& getcirses(long *Mvine, long 8 lvine. it *uta., in& dbar,

long *fcurs, long *lcurs, long hiric,

&hAr coir;,
in& iwall;
unsigned int done, ica, j, lastcue, lastbar I
iastcurse=8; /' start with the end marker 8

lstbr=4;
colr-CCRSCOL+24;
if (hocale > (j=(*lcurs - 'fvline)/hinc))I

drawVLn(j,l6,Yscale-1,&colr,O); /* write the line 8

colr=-CURSCOL+16;
if (0 < (j=(*fcurs - 'fvlkae)/hic))

drawVLn6j,16,vscale-1.&rcolr,0); /* write the Line 8

coir=-FCURSCOL+ 20;
draw HLn (vscsi- ubar 0,639,colr);

dirawHLn(vscAke.ubw+1,0,639 colt);I

draw HLn(vsca&- dbar ,0,39.colr);
draw HLn(vscsie- dbar+ 1 ,0.639,colr),

if ('fcu'u < *fvhne)I
'fcurs=*fvline;

if ('Icur > IvLine)
*lcwrs= 'lvline;

done:done; /* zero done 8

while(!done){ /' loop; active curse is highlighted as LIGHTRED 8

whie(OxRf& (ich--bioskey(0))) /'loop until kbd send@ null daar*/
if(idi==EXITPROG )return(EXITPROG);

swtaiaiwait=l./' borrowing iwait for speed sh"t 8

case 0z7400 :/* ctri-rigat arrow 8

case 0x4d36. /8 shift-right arrow, move marker right 5 8

iwait=.awaat;
c~s 0s73WD /8 ctrl-ldt arrow
case 0z4b34 /* shift-keft arrow, move marker left 5 8

iwait *85;

case NOW : /* left arrow, so move marker left 8

case 0 4 *O : / right arrow, so move marker right wa=watI

coir-CURSCOL+24;
if ((0 < (j=((1astcurse"1czrs:*fcurs). - fv~ke)/hkaic))&&(hsca61e > j))

drawVLnUj16,vscale-1Arcolr,0), /* xors old line 8/ I
vazroe( fcwslcus.'fvlimlIvua,(o)waathincatcuse).
if ((0 < (U=((lastcuse?1kurs:fcum) - fvLine)fhic))&&(hsca&J > j))

draw VLnUJ.6.vscale- IAicolr,0); /8 xous old line 8

case 0%5000 /* down arrow, move bar down one bin bek
await aiwait,

case 0z48W : /* up arrow, move bar up one bin/
if(freqpot){f

j = vcale- (lastba'*bar: dhar),
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drawHLnU++ ,0,639,FCURSCOL+ 20);
drawHLnU A&6,FCURSCOL+20);
hicuzue(ubar, dbar, 2iwaat, lastbar);
j vc.e. (lastbar?*ub..r: dbar);
drawHLnUj+4. .,63g.FCURSCOL+ 2n~);

dlrawHLn(j ,&V6,FCU-RSCOL+20);

case Gx4700 : /. keypad del key, toggle Lastcwrse/
colrl-6+(CURSCOLjCURSCOL+ 8));
if ((0 < (j=(lIciw. - fvline)/hic))&&(hscale > j))IdrawVLn6.I6,vsc~,cor,); / ors old ln

drawVLnU,16,%%c.le1Aecolr.0); /' xolLn e
lastcurse *8;I if r 6+FURCLlCRSOo))

draw HLn(vcale ubar A0,39,colr);
drawHLn(vscaeubar+ 1,0,639,aDlr);I draw HLn(vcae.dbzr .0,639,colr);
drawHLn(vscae-dbar+1 ,0,639,mlr);
lastbar A4;
}

break,
case 0x6&E:;/* Alt-Fl.inceae (req by a factor of 2/

scaer /= 2:

break.I case 0x690D : /* Alt-F2. decrease freq by a factor of 2/
scaer /= 2;
if (-am freqscaer < 640)

pritif(">X7);
scaler *=2;

break.
case Ox 19(1) / at-p. playback data between cursem

break.

cmAAMINUS:

caeDRPLUS :/
cmDRMINUS : /*

came FDEFAULT : /0 &lt-d. restore sonagram defaults
came XNOISE : /* alt-n. toggle noise suppresson */I cas WRTFELE :/* save data within curmu in new file/
case PSHGSTACK :.* control page down, r'edispLW with new hxnits/
case POPGSTACK : / conitrol pap up, pop previous cuse
came FREQDISP :/ alt-f, draw sonarn */
case EXITPROG ./escape, done moving markers, exit/
case FPTNCRSE P alt-FS, inats iff-sie by a factor of

case FPTDCRSE /* alt-FE, decrease ift-size by a facto, of 2/
done= 1; / terminates outer while loop, action Laken

}/* switch jh /* in the pstest() while loop/

iwait =0;
if (!done)

cfrlim(botline);
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cfrlijm(O);
strcpy(kolorsilkname);
writs trimg(kolors.5, vidpge);
crswrjt(feurl.,IAtcu15e~iip.bifc); /I front/upper cursor
if (maoim)

writStnng(" noie refermced", 5, vidpap);

goLay(O'botlie);
if (frexjplot){f

Ito&(( .ubar > >1I )sanprqtS P EK DISPRkolrs, 10);
writSring(korsyFCUFSCOL+i8+latbr,vipage)
writ Ch~r(-', 5, vidpage);cursornc (1, vidpage);

I"oa((dbar> >1 ) &mpfrq SPEK DISkoflr,10);
wrtS~j(kolorFCUSCO+2 Iatbarvidpage);
writStiing(" =' ,S,vidpage);
1toa(((*uber>>1 )(*dbar 1 ))sap- eqjSPEKDSP'Dlors,10);
writString(koHos 3v..ge); U1,vdpr
writString(kolon,FCUSCL+ agidpp)

crewrit(Iuboi eastlme.h~inc);
strcpy(kolors,", dt=");
tiinc~t (lcurn- Wfcurs);
writString(kolors,20+CICRSCOL,vidpage);
break;
) /* if j++=10 0 0 

e

/while (!done)/

*lvlineIcurs;

/* function gelcuhue -

IWRTFILE

int wrtfile(int ifile, long fdisp, long ldisp){
int i, nird, itext. *iptr;
long aasamp. *mh;

dw fnhmef 401, 'cpU;;

char mmtbead[5OJ.
FILE *o8,
/cla( (chsr)Ox 7D);*/
setgrauphics(botpniode);

vrottrig("o u 0); ile name: - ,Oxf,vidpage);

strueL(fn.am );
while (0==*fimme) /* readString returms NIULL if escaped/

readtring(fnameO);
if (itex&t-(NULL !=strstr(fnze e')

oBlfopen (mw,"w);

oflzzfopen (fn mew);

if ~ rng"esiago File opening did not succeed... ",0x~,vidpage);I

return(- I);

6ue~ifle.(HEADWORDS+fdia)«1<.ISEEK.SET); /0 same for all formats

for(aaainp=fdiap; iaamp<ldisp; aaminp+ nnrd) {

nrd=ida~ead(i~~filej~dmLn(x due Jdp-naamp) (long)Ojptr-id&t);
for(=0; i++<nrd. )f

while(*++cptr) /* my fwritestnng function/
putc(z )*cptr,ofl);

putc('\n.o8i);

} / for cm

for iI
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}* if itext 0/
else if (NULL =sri~ae"mC{/* writing matLab/

mka=mathead,
amh+ +=40;

*h++=ld~is-fdasp;
Oab+ + 0;

marpy(matbead+ 21lor

for(isamp=fdisp; isamp<Idisp, isamp+=nrd) {
nrd = idatread(iffenrd= min (xa j~.disam),(ong)ojid&,);
fwrite(id&&.2.nrd~ofl);

els /* writing imy,wihear

strcpy (cptr~fnazme);
fwrite(header.2,HEADWORDS~ofl);
for(isamp=fdisp; isamp<ldisp: isamp+=zurd){

nrd=idatread(ifile~rd--m-in( xfizeJdisp-isamp),(long)0.idat);
fwrite(idal.2,d.ofl);
) /* for isamp/

}/ else/

return(O).
}/ wrifile/

I PRMCHA NGE()
changes GLOBALS dymsange. drvaturate. colaue. #vgpow
space savmgn function for paet

int prmchange(unaipwed ivinL 'g.in *kn){
int rmcale:

rmcale=0;
switch( iv) {

case FDEFAULT : / restore defaults..

dzuatuzuteDSDEFA ULT;
rescaI;I break;

came XN~O1SE

break;
came FREQDISP sqs;break;

gan..et (ainsaet (0D)*pow (10.OL, (MAX CQLOR*3.OL)/((MAX COLOR.-1) )20 OL)));
colocale *=dytrame/(dynrnge+3);
dynraWg +=3.0;
break;

came DRMD4US:
if (dyarange > 3.0)f

gaain.set (gainset (0.0)pow (10-OL, (M A XCOLOR3.0) /((I -MA XCOLOR) 20.OL)));
coiscale *dyxane/(dynrsmge-3.0);I dynrnuge .=3.0;
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break;

case AAPLUS
gain-.et(ga.n&.e(0.0)pow( 10.OL,l .OL/20.OL));I

break;
cam AAMINUS:

gain-s*et (pganet(O.0)*pow ( OOL,1I.CL/20.OL));

break;
cam FF1TNCRSE

xfsize *= 2;
if (danie > 250)1

printf("\xr); /* beep to indicatse limit/
Kfaise = 250;5

break;
case FPTDCRSE:

xfsize /= 2:
if (xfaze < 64)

xfsize 64;

break;
}/switch iv/

return( rescale);
) /* prmchange()

/SCALESETI
us the results of getscale to determine scaling for power spectral

displays

Bloat scaleset(aoat mazpowint kn){
maxpow -=dr%&atwte;
if(kn)

colosle=MAXCOLOR/rnaxpow;

es{gain-acet(pow (I 0.M A XCOLO Rdynrange/ (20.0 (MA XCO LO R- I))- maxpow /20.0));
colscale= (double) (M A XCOLO R- 1.0) /dyurange;
mAxpow + =(double) 20.O'og(gainaset (0.0)) /log( (double) 10.0);

ret ur(maxpow) I
/scalest/

pstestI

void patest(v.oid)

it m axval. mnal. ival, ista&k, ill;
ing kllmme=0, sonag.I *sfmnant, *sfexp, upbar=-SPEKDISP, downbaw=2;

8 /6/91? CHECK ON UP AND DOWNEAR INDICES AND FREQUENCY TRANSLATIONS
XFSTAC1( NOT YET IMPLEMENTED
CHANGES IN XFSI7E WILL AFFECT MANY OTHER PARAMS, INCL. AVGPOW
S/ I

in& mmnstak[STKSZ], mxvsta&[STKSZ]. xfsta"t*MAXFSIZE];
long fdispLw, ldiqiay, nurnsaw , biais mOwn. fcurse. Icurse;
long fdsta&(STKSZ]. kids&fSTKSZ], hbumtaKSTKSZ];
dloa& gamntak[STKSZ]. ciostakSTK(SZ]. glob-mean, ss-.noise;

ovidnwde=get Mode(& ivai);

filenm (global) filled in MAIN (naig) I
or SCRFILE:
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acro that gets the filenaim from the screen (iplat)
anull maco when compiled as part of NSIG

SCFILE
fcwmr=fdispiay =0;
setgraphics(botgmoode);
lcur@=ldiplay=nimm-amp=(fopeznp(fienme"&i}5l 2)> >1;
hbwiaesnuinsmp/kmcale+ 1;
writString("SIG 10/03/91 \n' ,7,vidpage);
xfsiae ffi..ize(SPEKDISP);
polar..mode(MODE..DEFLT);
gain st(I.0);

lseek(ifB.0,SEEK -SET);
if (HEAD WORDS< <1 !=(ival=read(ifiheader,HEADWORDS< <1)))

erreit("cznplete header not found");
stm-an=header+ 122; sfeirp= heasder+ I 2OMAm freq=*amAnt;
for(ival=Ojval<*afexpasampfreq'= l~jval++);
eavgpow=0.0; /* zero in avgpow signals first entry/

prmchange( FDEFAULT,&fdisplay&kilnoise);
maxpowgetscale(ifl, fdisplay, Idisplay, xfaize, idat, rdat, lsae

kglob.mesn, &ss..noise);
m~x-pow=scamet(maxpow ,killnoise),

now draw the Line

0/

enters the graphic display here
starts out with the rear graphics cursors .dlectod
left and right arrows move the cursor in sin )e steps (hscae points)
ctrl kry speed up this movement 5x
home key selects front cursor, end selects re.% c. '*.a
pgdn expands such that selected region fills the screen
pgup pops out the previously selected region
six levels of stadi are provided
esc terminates the program

while (EXITPROG !=ival){
while(bioakry( 1))

while (linqilot(i& fdispiay. hbinsiae. minval, mxavval.

sonag, kill ise))
while(bioakey(1 )){

iI(EXITPROG==(ival=biokzey(0)) ){
writString("eocaped from screen draw ing" ,(h4, vidpage);
setMode(ovidmode);
retumn;

I else if(prnihaage(ival.&sona&killzioue)){
mazpow=getscale(ifl. fdispLW, Idisplay, xfszse, ida.9,

rMat, &minval, &znaxvsl, 1611 ime, hscak, avgpow.
&globnan, &s.noise);

mazpow=scaleset(maxpowkilnoise);
) / if prmdcange. else 6

}/ while bialfry(l) .
/* Make title 0/

gotcay(0);
strcpy(kolorsjlensime);
strcat(kolors," n=");
ltoa~nusamp.kolors+strien(kolors ) 10);
strcat(kolors." min=");
itoa(minvWi.wlors+stren(kolors) .10);

strcat(kolors." max=');
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itoamwx val Jlor+strlan(kolors), 10);
streat(kolorn," sf=");I
1to&(sampfreqkolors+strlen(kolors),l0);
strcat(kolors,"Hz dr-");
i to((int)d ymraztge Jilors+st rlaa (iolors),l10);
strcat(kolors," &a=");
ito ((int)dr aturae,kolcrs+strlen(kolors), 10);I
strcaL(kolors,* fft=");
i toa~zekors +trien(koor), 10);
writ String (lolors,TITLCO0L, vidpage);
if (killz ise)wriLString(* NR", 9, vidpage),

reads the data between the curvors (using fdisply and hbinsnze)
switches to grapics mde and cleani the screen

fdstsklta&*=fdifplay; /. save current locationu/
ldstskPsta&]ldispLoy;
if (PSHG STACK= (ival=getcurss(&fdispLay.&Idisplay, kupbar, &downbar,

&zfcurse, &lcurse,

hbisize~sonagllnoiseAifl I)

fd and Idetack store current screen edges (f and Idisplay have curscru)
must save scaling values before increenting the pointer3

if ((STKSZ-1 > istacl) &&k
((fdisplay !=fdstackistack]) 1
(Idisplay !=ldstadc[istackl))){
mnvstackist&k]=ninvsei

hbinstsk~lta&]=hbinsize;
gainstsak~is9tak=gozz-set (0.0);
clscstak~ista&++1=colsca,/* incremeret the st&& pointer/

bbmize=(dipay-fdispLay )fhsce-
if( (ldisplay-fdispla, )%hscale)

hh~nsire++;
Idispl.ay=fdisplay + hsca ehbinsize-I
maxpowgetcale(ifA, fdisplay. Idisplay. xfsize, idat. rdaA,

kminval, &maxvai. kill i ,s, hscae, avgpow,
&glob-mean. &ss-noise);

wauxpow=scaeset(rnaxpow .kiflnoise);I

else if (POPGSTACK==ival){
if (0 < istack){

uiinval=nnvsta&[-istsck];

hbsnszse=hbinsakasta&];
gain..set(gainstskistar*k);
wccle=chctakjista&];

fdisp~aqrfdsta&[istack];
kpLsWldta&[mstark]

)/- if POPGSTACK '
else{ ifIRFLE=vl

if(wflfldilydisplay) ){
got-y(O-O);
writStrimg("error writing file" 4Dxf.vickage);

Igetcues returns the cusrpstosin fdispiay and Idisptay

must recover true display positions from the *to& if no change

desired, e in WRTFILE and FRQDISP
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I Idisplayildst&&[iack];
if(prmdiAnge(iv&1,&sonag Akillnoise)){f

getscaie(ifB, Mdisplay, ldisplsy, rxfaise, idat, rdat,
&minval, &znaxvaI, killnoime, hacale, avgpow,
&glob-man, &"-noise);

max-pow=aaeset(miaxpow ,kilnoise);

if (muzrAamp <z (ldispLay-fdisplay + (Long)Iucaebinsize))

do /jl) while EXI17PROG !=ival

metMode(coidrde);

retn;/

maan(&rgc,&rgv)

m argc; ckiAz *rgvo,

if (I == argc)
errexit("uage: naig <filenarne> dr && Eelv]");

strcpy(filename .argv (1]);
if ('e' == (argv[41H0] I Ox2O))j /* binary or converts to lower caaeI ~ VSAE

buipnode = EBSTGMODE;
boie=EBOTLINE;

defauka are VVSCALE, VBSTGMODE, VBOTLINE/I vocak-=16;
if(!(dymrange = &tof(azgv(21)))

dynmne = DRLDEFAULT,
if (!(drsaturate = &toi(argv[3J))))

drsturate=DSOEFAU-LT;IsesoIeu()
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/0

dac.
This function reads and send@ the kay file data to a C&netics board model
PC-DMA. The D/A capabilities of the Caetics board are used to 'play' the
kay file while the time series and time-freqwency distribution are dispLayed
by SIG .EXE.
The following functions were taken from the Model PC-DMA User Manual, ICanetics, Inc.

memreq(
init ArnAd()

i,,it-d,- A-r onto(

ki!lltimer()init -imer.da()

The following function was taken from Graphics Programmin in C, Roger T.
Stevens, M&T Publishing, Inc., Redwood City, Cal.ifornJa, 1988.
ploto

#include <Libso.h>
#include <atdio.h>
#indude <stdLib.h>
#include <doo.h>
#include <lloc.h>
#include <conio.h>
#include <fcntl.h>
#include <stat.h>
#include <string.h>
#include <io.h>
#include < fcnt h>
#include <math.h>
#define CONTROLA / add+14 / 15876
#define CONTROLB / add+24 / 15880 I
#define OFFSET.ADD /" add+1O04 '/ 15912
#define RESET.ADD /I add+11*4 "/ 15916
#define DMAMODE-ADD 11
#define DMA-MASK-ADD 10 I
*define CLRP TRADD 12

#define AD.TLMER.MODE 122 /" ad is timer #1 in this mode /
#define DA.TIMER-MODE 52 /" and da is timer #0 /
#define TIMER-AD 15925
#define TIMER.DA 15924
#define TIMER.ADD 15924
#define TIMER-MODE.ADD 15927
*define STA 15904
*define STD 15908
#define TOGGLE-DACADDRESS 158

#define UH.SEG(p) (( FP.SEG( p) 4. ((FP-OFF( p) )>> 4)) & 0xF000)
#define UH.OFF(p)
((im)((((FP..SEG(p)--((FP.OFF(p))> >4))&OxOFFF)<<4)+(FP.OFF(p)zOxOOOF)))
ty1 id truer settingpot;=€,
struct setinv setal;

poets sets;
cha curfiaw w(30;
unigned long d~tu,.e;
in& M1mer.lIc--0;
u far °memeq(,,Aoid) /* loc&te two page of memory and choose /

*one complete page /
imt tempeg
void far *debthtnnelievers;
deaLh.o.nonbeiever = fwmma~loc(0x20000L):
if (deA o.nonbelievers == NULL)

S=2I
printf('Corhidt = %ld Need %ld\n\r', coreldtf), (h2CDOOL ), i

I
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putchar( 1);
exit( 1)I }ernpoeg = U H-S EG(de"tLo nonbelevers);

if (U H -OFF (dea t-o..nonbelievers) !=0)
tempeeg += OxIOOO;

return (i faz *)MK..FP(tempeeg, 0);

void ini dam ad(un igned count, un igned meg)

Outp(DMAMODE..ADD, O4)
outp(CLRPTR-ADD, 0);
outp(2, 0);
outp(2, 0);
outp(3, coun & 8xO);
outp(3, count >> 8x~ );

3outp(DMA-MASK-ADD, 1);

void init Ama cla(unsigned court, unsigned seg)

outp(DMA-MASK-ADD, 0x07);I outp(DMAMODE-ADD, Ox4B);
outp(CLRPTR.ADD, 0);
outp(6, 0);
outp(6, 0);
outp(7. count & OxOOF'F);
outp(7, count >> 256);

outp(130, meg);
outp(131. seg);
outp(DMA -MASK-ADD, 3);

outp(DMA.MASK-ADD7OxOI);

Uoutp(MMDEAD OxFF);

outp(7, OxFF);
outp(73, megF);
outp(130, seg);

outp(DMA -MASK -ADD, 0x03),

void init-board(struct mettinp *sets)

outp(R.ESET-ADD, 0);
outp(OFFSET..ADD, oe&&->offmet).
outp(CONTROLA,209); /* PC-DMA Control register A: 11010001/
outp(CONTROLB.l54); /* PC-DMA Control register B. 100100
out(R.ESET.ADD, 0);

void kill nmer(stnact settings *sets)

outp(RESET..ADD. 0);
outp(CONTROLB, IS + I6*set->ganbits + 128);
outp(RLESEL-ADD 0);

outp(TDE4ER..MODE..ADD, 50);

outp(TIMER-MODE..ADD, 114);
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outp(TIMER..MODE-ADD, 178);
init .mA-da1(0, set- >seg);
init dma ad(0, sets )seg);

void in t -timer -a(usi gn ed spaces)

outp(TIMER..MODE-ADD, DA-TIMER-.MODE);

outp(TLMER-DA. spaces & OxOOF'F);
outp(TLMER..DA, spaces >> 8)

vid plot (mat x. int y, int color)

unsigned inL offset;
int duammy, mask;
char far *mern-addrawl;I
offset =(long)y*8OL + ((ong)x/8L);
mask = X0 >> (z%s);
-ES = xA0OO;

LBX =offset;

-AX =mask;

sun MOV AHAL

am MO0V ALOS I
su OUT DX.AX
su MOV AX,OFF02H
sma MOV DL,OC4H

sum OUT DXAXI
sun OR ES:[BX],CH

surn MOV BYTE PTR ES:(BX],oo
&am MOV AH,CL
sun OUT DXAX
min MOV BYTE PTR ES:[BX].OFFH

&am MOV AH,OFFH
asm OUT DXAX

sam M4OV DL.OCEHI

sun O1 T DX.AX
sun MOV AX.OFFOSH
sun OUT DX.AX

void wtde-cot (poets sets. int cuid)

unsigned ii, j, tempcount, ckpoixt=0, last, same, bufir&x4CEO], loc=O,
unsipaed far 'block, far *uptr;I
unsigned neaw nptr;
unsigned long chunk, max-pt, point;
double cura..anc.

block = MKYFP(sets.>seg << 12, 0); /* Poimser to allocated memory/

mnaz..pt =daLa~zae;
cure.anc =(doubie )640/(doubie)dat.ize;

if (data-sieze < &xl0)O) /* If < one page, read in all data andpoO.1,5;
{/* then cycle to PC-DMA/

Plot4O,2l 5,0),
point = ceil(causinc(duble)(mapt-d&&ats.e));
plot(point,215,15),
uptr = block;
whle(data..sie > 0%4000J)

read(ctrfd., bufFer. 0%4000);I

boc += 0.X4t10;



SIG - DAC.C 67

ckpoimt += 64;
nptr = buffer;
while (FP-OFF(uptr) < toc)

uptr++ = nptr++ << 4;

plot(point,215,0);
point = ceil(curu-inc*(duble)(maxp-dL..ze));
pbotpoint,21S,15);
read(curlL buffer, data.sze);
loc += data..i?;
ckpoin± + =64;
if (ckpoint = 319)

ckpoimL = 63;
uptr buffer.
while (FP..OFF(uptr) < loc)

Muptr++ = *nptr++ <<= 4;
same = *uptr,
while (FP..OFF(uptr) < loc - da~a~se + 014000)

.uptr++ = smme;
iixbord(sets);
init-dm&s.Aacont (sets. >seg);

outqpCLRPTR-ADD. 0);
inp(6);
tempcount = inp(6);
while (tempcount < ckpoint)

inp(6);
tempcounL = inp(6);

if (data...sze > Ox 10000) /* If > one page. fill one page and then/
/* fill quarta' page as DMA passes proceeds

uptr = block;
for (6=0u6<4ii++)

read(azrfil, buffr, NOW00);
data..se -= 014000,,
nptr = buffer;
oc: += 0x4000;

if (10C == 0)
loc = Oxfffe;

while (FP-OFF(uptr) < boc)
*Uptr++ = *nptr++ << 4;

Muptr = *npgr <<= 4;

uptr++;
init..board(sets);

init-Lme.4dc(et- >.e);

outp(CLRPTR..ADD, 0);
pbot4O.2 15.0);
point = ceil (cure.im *(&uble )( max..t -dat&.mn-(kO 10000)));
plot~point.215,15);
inp(6);
tempcount = inp(6);
while (tempcount ( 63)

inp(6);
tempcount = inp(6);

for (ii= Iu < set- > umof.pag ii ++)

ckpoint = 127;
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for (j1; ii<=4; i++)

reiid(curfil, buffer, Nx4000);
data~aze -= Qx4000;

point = ceil(cn -inc(double) (max..pt-dmta-ize- Oxl 0000));
plot (point,21 53 5);
nptr = buffr;
while (FP-OFF(uptr) < chunk)I

euptr++ = *nptr++ <<= 4;
Suptr =*nptr <<= 4; /. ch/
Lflp( 6 ),
tempcount = inp(6);I
while ( tempcount < ckpoim)

inp(6),
tempcount = inp(6),

ich(chink Ox4CDO;

chunk -= 2;

ckpoint += 64;

ckpcxint = 6.3;

uptr++;I

Lat = ceil((doub~e)data-aze/Ox4000);
*kpoint = 127;
chunk = 0x4000;
for (jj =1; j < iat; uj ++)

read(curfil, buffr, Nx4000);
data~sze - x4000

point = cel(curminc* double) (max..pt-daa-aze-Ox 10000));
plot (point.21 515);
nptr = buffer;

while (FP.OFF(uptr) < chunk)

*uptr = Onptr <«<= 4;
inp(6);
tempcourA = inp(6);
while ( tempcoumt < ckpoint)

inp(6);
tempcoung inp(6);

chink -= 2;
ckpoimg + = 64;
if (ckpoing == 319)

ckpoat = 63;

plot(point.215.0);

piot(point.21 5.1 5);
re~d(curfiL. buffer, ditL.Aize);
nptr = buffer,
while (FF'.OFF(uptr) < chunk - 0x4000 + da&a-aie)

Suptr++ = *nptr++ << 4;
.uptr++ = *nptr++ <<= 4;1
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inp(6);
tem-pcowxt = inp(6);
while ( tempcoutin < &rpoint ) /* Watch DMA and wait until data/

/*ham all been sent to board/
inp(6);
tempcount = inp(6);

plot(point,215.O);
point = ceai(a s.mnc(&iuble )(max-pt.&x4000));
plot(point,21 5,1 5);
ckpoint += 64;
if (cpoint ==319)

in(ckpoirt = 63;

ternpcowxt = inp(6);
while ( tempcount < 255

pltpoint.21 5.0);

ckpoim - 63;
inp(6);
tempcount = inp(6);
while ( ternpcoumg < cpoknt

inp(6);

tempcout = inp(6);

plot (point .215.0);

if (ciroinoa= 63)Ikon 255a;Mtr

in b(d6)2]
otepcSEL =DDnpda);/Deetantsbor /

ile n (teSET cAD) = < )/ indiaeor spee

sets =imersetsl:/Gtte tutr et aibeplt1ont21.)
Icdas4a~n fl.ln beiln ed og l-~e

so&
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M-Ptr = inemreqo;

sets->seg =FP.SEG( M-Ptr ) >> 12;

if (begin == 0) / Move to start in kay file/

lsleek(iffle,51 2,SEEK -SET);
evkideacei*252,SEEK-SET); I

d&ta.sze = 2*Paed - begini);
smple-rate s=a";
sets.>waits = floor(1e6/&amplez&&e + 0.5);

sets- > mim nf4ag =fioor((double)d&La-ize/x 10000);

sets-> mline = 0;
sets->runstop = 0;
sets->ganbts = 1;
sets->inznode = 2;
ses->ofhet = 128;

toi-> flierstate =1;

: to->uAingiriux =0:
sto->dac2flag = 1;
iitboard(sets);

k&ltinker(sets);

w tlle,.corg(sets -fie);
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/° byte mask always Oxff, color in di. naAk in sji. jlabel replaces noxor
/ bx: memory location; dx, &x: general purpose repsters /
/*

DRAAGUN
ASSUMES SMALL MEMORY MODEL
draws a sing pixel vertical iae, located at horiontal position x
vertical bounds of the Uine am yl and y2
xor function can be selected with colar=color+ 16, overwrite otherwise
cchaage = increment for color pointer0/
#prapai
vod drawHLn(tnt y, am xi, W& x2, chst color){
/o
excange yl and y2 if yl larger than y2

if (xl > x2){
a m mov bxx2
am mov &xi
aim mov X2,ax
asm rrmov x1.1x
I

/"
any use of egaqx requres bracketing by the six port
instrttions brscieung the for loop below
see Dwyer et &I. micro/systems july88 20-34
-/

/s setting up ega for write mode 2 /
out portb( Ox3c.5);
outportb(Ox3d.,21:

/" set cl = xl mod 8 /
aim mov axzz
sam mov cl.&a

/" set ch = x Idv 8 ranges from -80/
am s ax .I
aim a ax.!
am sar ax.I
asm mov ch.l

/" bx = 80 yl "/
aim mov ax,y
Sam sal &ax'
am s al ax.!

asm Sal ax.I

aim m v bx.ax
aim sal &Z.l
a m sal ax,l
am add bx.ax

/ bx = 80 * y + x/SS
am lot ax.&A
"m mov aldci
am add bz.a.x

/" bx = addri offset /
/" es = ega ram starting address ./

mayv a. .OxsO(K)
aim mov axax&0

/ set di = colar "/
"am mov di. color
"am and di.Ox;if;

/o setup complete. remainruj items vary
/* now plot first partial byte. seroag the inutaal biit. put mak in s'/

aim mov al.0
am and di. 07

im js lakip
sam shl al d
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aim shr al~cd

iskip:

asm mov gujax
/0
select bit mask registerI

b&& to select register
function select register
reset bits 3 and 4
se as3adck for zor functionI

aim rnov dx,Ox3ce

aim out dial I
aim inc dx
&@m may ax as

aim out dial I
aim mov ai.0x3
aim out dx.al
aim inc dx
aim Xor alal I
aim test diOxlO
aim ji fitp

&mmov al.0X18

aim out dzx.al
/* rnaik and function selected/

aim may s&h~es (bx]

am mov es, jbx].al

now prepare for aU whole byte plots/
/* compute x2 div 8. and subtract x1 div 8/

aim mov a.x.x2
aim am x

aam sat ax, 1
&am sub aldih
aim dec ax

select bat mask register3

aim MOV CIXA

aim Mov a'

as= inc dx
aim ov aZ.xf
am out dial

asm inc I
aim mayv ax~es:[ I
am mov ab ~x~d
aim mov es [bija&l
aim loop ploop

n'std=x oow prepare last P&arIa byte .

Last:
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am mo &Z.3
&am mio cl,Ox7
am and clal

asm incbi
asm mov .Of
am Xor cl,0x"

aamnjz lakip
iiam shr &Ldc
am ahi &I'd

Iskip:
aism mov si. AZ

select bit mask register
output bit mask
back to select register
function select register
reset bas 3 and 4
cbeck for xor function
set bits 3 and 4

aim mayv dx.Ox3ce
am may AL.OX8

aiam out ial
aim inc dx
aiM may aX At
am out dx.al
aim may ah es rbix]
aim may a.x di
aimr mov es[bxjal
outportb(Ox3oe.5).
outportbOx3cf.O).
outportbOx3ce.81L
outportb( Ox3dfOxffY,

/* returtng ega to write mnode 0/
) /* dxauwvLn */
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SIG - FFTFUNCS.C I

#dedne MAX BOOST mo5.
-Jude "sgbich"

this file cosaim all o( the Ift M&Latd code, in'~udizag any ftanticmi
that call the fit routman
it also couain a few statc gioja vuriblo that are part atlar to
the fft and related subrotines

1MUST CHANGE THE MAXBOOST CONSTANT AND ITS PURPOSE S
extom void far pascal

if(bAm far *dat in& far *exm im far %am goa far em);Iextem void far Pascal
polar(Gon far Oidata, goa" far Oodat, cog far Oudatize, int far mcnW&d);

ezto void far pa"ca
ham4float far rdma Goa" far Osoat, u iair Oeip);

GLOBAL-S used by MicroWey 67 roiatinm
a/

static jot normalism, pow2; /0 used by rift 0/
static it, .de/* 6 for umag. ipt; lIe fo ystaits 0/
static long dataise; /* used by polar '
static doa" ga" /' used by rft
/a
them fitoctimn initiaise and/or rpot GLOBAL vaiabka
used in Micro Way routio
GLOBALS MUST NOT BE MODIFIED ANYWHERE ELSE IN FFTFUNCS, AND
THESE PUBLIC FUNCTIONS ARE THE ONLY ACCESS FOR OTHER SOURCE FILES3

ins st-aise(am xf){
aicemaime = 2; /* rift '

dastaise - (xf>>1); /S polar Q/
pow2 - 0; /0 rf a/

h(xfow2)-;2))

ima poa-de(znp in){
if(p,-a)

retm(gain);

FLDEMEANI
compom and subasi am d them at a Soat arrwr
any FOR limp requusem poase arithmetic and logia ciqam

edImmam(Iat 1fd" mt ime){
Go"t *fc double mew
foektrefd&a.&aem. man 0.; 4fpW>=fdta4W- a~.

for(rvtr-fdaaain.*; -fputia>.daa pa.ma)

Do[EAN2FP
domn muew daa idAm. pLa. it ja r"aa/ Ivcid iman.Wpunt Oidat. Sa" Ordot ise ie)f
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int ipc
long imean;
soat fptr-
double dmiean
for(iman=Oipr--idt+iise; -iptr> =id.at; iniean+=iptr);
dmean = (double) imean/ (double) iize;
for (Fpt r-rdat +iaie.i pt-ira + isze; fptr>rd@A;-fr-pr-a)

MAKEpSPEC
calls cannd hamming window, cannedl fft routizie tor, real data
convert& complex resuka to mag, phase and returns in rdat
GLOBALS INrrLALIZED IN4 flINrFFT()

void .ak*Pspc(loat 'rdal, im isise){
hamm(rdat. rdat, &powl);
O rda&+(iaaze 1)) +zi 0.001; /0 prevents undertow in log power ~
rfft(rdat, &pow2, &norinab~se. &gain);
poiar(rdat, rdat. k&asae. &nxode);

/0 makePopec()

NO RMpS PEC
subtraco the power spectrum values in avgp4J from rdAQj
note that rdat ha. PS value. in even entries only

avgp has PS values in every entry
0/

void norm.P spec(Biowes Ord&&, float *avgp. ini iaiae){
Bloas fsig;
for(hig=rdsA+isiiw. &vgp+=(iaize >1);

fAsg>rdMA; (fsag.=2).*-avgp);

/0

COLRpSPEC
convjurt power spectrum values in rdat to intege color values in koln
relying on pointer anthmatnc and logical comparisons for iptr, koin
this version allows fft sizes ohe than 256
a/

void colrPspec(float *rd&A, char *kolnu. it isz, float colscale){

ins iptr. ncellk. k. j;
float fptr-,
acaisSPEMDSP/sim

/iper is placd SPEKDISP byte. beyond the beginning o( kolie
forjfpsr=Maa+isiw, iptr-kolrs+SPEKDlSP; iptr>holn; )

k amin(NIAXCOLORjmax(0.k));
fosfjirO; j++<Dcd6ia O-ipar-(kI(k«S)));

P) / okpcO/

e/

ing *Man(conss void Orecl. cows void *rec2){

(I a reel-, f3 = rel,
if(fl >12)

retrn ):

rettu(01)

G ETSC ALE
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fioat getscale(int iup, long fdisp, long Idiep, in& dais.

in& idata, Boa& HdAAG, it *min. ins *in=,
img in m, ing hocale, flOMA AvgPO,
fl" 'g.mean, float *s.noise){

typedef struct {float n; in nm;)n ssbik
abik bLk[HSCALE];
in& iptr, iold, i, diff jmaz, imin, nalocks. ns imaim.;I
i fuistbok. lastblok;

floa" ==q, maxs. *fptr, *dptr, mxpow, globaLmean,
doule i~e
long lakip, fpLwe;I

amuat(bUL.O.aazed(mblk)*HSCALE);
Iaeeki.ifp,(fcisp+HEADWORLDS)< < 1SEEK.SET);
*imaz = -(*imin z: MAXINT);I

for(gWobaLameui = mmu, = imains = i = 0,
nblockB=min(haa,Qdiap-fclsp)/xfiae).
lakip W maiX(O.(ldmWP fdimP)/hscae-xfine);

i < nblockAs i++){

nsamp = id-rad(ip,xise skipad");
fil hd ander, #items. bytes to skip after read, 'destination, ret #inia s

for(sunoq=O.0.glbaLzman+=iold=jmaijmin=(itridt+nsazp1);
-iptr>=id&. )f I
glob&Lmea&+=*iptr;
diff a "iptr-iold.

.M += dAiff;

if(Oipt' > jmai)
elme if ('iptr < imin)
iolduaper3

if(9maz <imam)
*amam = imaz;

if(nmin > imin)

-imin = imin;Ibik~bik~i].m a im = umq;
if(max~<swumq){ /' needed for rescaing colors during soom

mahmnsdumq; /* when full qson is not performed */+3

)/ for i 0 to nbnk..1
eg-cn=globs' zasa/((doub~s~iblockx~hae);
lskip +a dxea /* lakp bcmsread interval

/* poLarAmode(sra15ht ampLitude) ./
if ("AvSanO.O)f /* only dam Once for the file/

qwr&b&,jIockaased(sl)dffnp);

=Am :ok nlo/10 I
if((wbkk&=nbkx*s/5))
la~bkk++;/* 10.- /

fcr(isfrmbilz k imtblck; 1. i++ in loop bod7 */)I

6k(i'p,(HADWORLDS+b&~ri++.rnum~mip)< <1 SEEK.SET);

ima&2fp~~A dqdast);
inakepPec(td&Ajaise);
for(dptraav@"ufahse12, ft" a rdaa+dsis; (fpwa.=2)>avdat;

0-dpor +- *fpcr);
} 'for an firstbok to lamtbih 0/



SIG - FFTFUNCS.C -I/*---compute ac-lun- for power spectra - *

THIS NEEDS WORK: BE77ER MAXBOOST VALUE
it poLwrmd reset, need to compute 201n(*dptr/si)

Ifor(dptravgp+daiin/2, sui = Aatblok-RFitbiolt

if(MAXBOOSTL> (-d,r / umaq))

*dptr=-MA XBOOST;
} "if (*avgp=-O.O) a/

/-g oLo rmimnum block - - /

/* polar mde(Mut(impLtUde)) */
dt ((long)- I== kI&-~p.(Ioo) (fdifs+imA uslskip+ HEA DWORDS)<< ,S EEK-S ET))

errexit(*eror in seking maximum sumequa block");

m&kaPxp@,c(rda&zxise);.

normPsPec(rdaa .avgpjdwse);
fbr(mzpow=(fptr-rd&&). i1l;

i++ < (Xfaae 1I);){
&f(*fptr+=2) > mlzpow)

mxpow z *fptr-,

return( mipow),I }/gesc*M/,



78 SIG - LIBI8O.H 3
struct settings~
f flaigna1 Mime;

unsigned runstot -

unsigned gambits;I
unsigned d~eatai;
unapud in""37:

unsigned seg;I

unsigned long num...o-con:

unsignd dac2dla;
unsigned nlin..o(pag;I

void inJt-dms..ad(unsigned count, unsigned meg);
void initdma.aa(unsigned count, unsigned meg);I
void init-dma..dcont(unsigmed seg);
void init A--.A -t(unsigmed seg);
void init-bostd(styuct settings *sets);
vaid kALtimer(sruct oeslizxp *sets);
vaid init-tma..ds(unsigned spamces);I
void inJit-iw..ad(urflpled spaces);
vcgd writuingle(struct settings *sets, unsigned mob, unsigned lab);
void readfJimtr'.Acl settinp *sets);
void redfict(sr setin * ets, ~ ese
void miiefilec(struct setings ets, r fles
void vrieile-cong(struct setinp *sets, cha Mlensow);
int staus(int primt);

*define G-.VERSION "2.20'
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DRLAWVLN 11/24/89
ASSUMES SMALL MEMORY MODEL
draw* a sinle pixel vertical line, located at horizontal position x
vetical bounds of the line ame y I ad y2
xor function can be selectcd with color-color+16, overwrite otherwise
!this funct ion is presumed to be selected for the entire line!
ccLne =increment for cokoe pointer

#pragma nm
void drawVLn(ing x, ing yl. i y2, chasr *color, int cchange){
/0

exch~ange y and y2 if yl large than y2

if (y, > y2){
asm mov bx~y2
am m v az~yl
am myv y2,Ax
am moy yl,bx

any use of ega&4x reqires brakting by the six port
instructions bra&etmg the for loop below
egaqzx tan from maaco/syuieml auly88.20-34

/* setting up ega for write mode 2/
outporb(Qx3os.5);
outportb(Oi3df.2);

/set up function register/
&am moy dxz,Oi3ce
mm mow al.0i3
as= out ixal

/* function select reister/
asm inc dz

/0 reset bit& 3 and 4 6

mm zor alalI
/* set Li color strng~ pointer, set di current color/

&am mov aicolcr
&am myv di. (ail

/ ceck for zor function 6

&&m test di.oxlo
mm is noxor

/6set bits 3 and 4 6

mm mow al,0X18

mm= out dzxal
/ h = 80 *y2 */

G al &Z.
-Sal aZ.I

-sa &xJ

mmadd bx.az
/'bhin 90 *y2 + i/S 6/

/0 set ci a z mod 8 6

"mmow aZ.i
mm mo ci,?

&s nd cx 
/0 coutpili. z div 8 (rang frum 0-80), add to i

am 65r &Z.

aw tar az.1
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aim add bx ax

/* bx address offset, color already in di/

aam mov aX ,Ox&O
iam mov es ax

es = ega ram starting address/
/* select bit mask register/

aam nm dx.ox3ceI

mim out dx,al
/* output bit massk/

sam inc dx

&a mov O II08
aim out dzx,al

DO NOT ASSIGN VALUES TO CX, SI, DI IN THE LOOP

if(cdc.ange)
for f,; v2- >= yl, { egaqpx(x ycolor):

arnm v ahx di Ux
aiam may &xes i]
aim mnov es:fbxl.al
aiM sub bx,8O

am mov di, [i]

) /* for y2/

for (; y2- >= yI. { egaqlix(x,y,color);/3

am IDOY s&k.es (ix]
am ov ax,di

aim Vo es:fbx],&i
am sub bx.80

) /' for y2/

outportb(Ox3dQJ;
outportb(&x3ce,8);

outportb(Ox3df.Oxffi;

)* drawvkn/
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/0
SPEKDISP: nmber of vertical pixels used to dispLq' power spectra
MAXFSIZE: maxiintzn fft size
HEADWORDS: size of lay header in 2-byte words
.MAXCOLOR: the highest cokir number used for power spectral display
'BSTGMODE: video mode number for the best graphics mode
'VSCALE: number of vertical pixels in grnode
?BOTL~iE: last text line number in gmode
STKSZ: the size of the FILO stacks for zoom/restore
HSCALE: the number of horumital pixels (same for ega, vga)

I/

*define SPEKDISP 250
*deine MAXFSIZE 256
#define HEADWORDS 256
#define MAX tNT OX7FFF
*define MAXCOLOR 15
#define VBSTGMODE 0X12
#define VVSCALE 480
*define EBSTGM4ODE OXIO
*define EVSCALE 350
#define VBOT LINE 29
#define EBOTLLNE 24
*define STKSZ 6
*define FDEFAULT Ox2c0lO/* Alt-d/
*define XNOISE 0x3100 /* At-n 3/

*define FREQDISP Ox21OO /* Alt-f 3

*define DRPLUS Ox52CX /* insert */
*define ~',..MINCS 0xS"0 /* delete 3

#aefin:- kPLUS Dx7700 /* ctri-ome3
*define N'..~MINUS 0x7500 /* ctrl-end /

#define PQPG STACK 0x4900 /' PgUp 3

*define EXITPROG Oxllb /3 Eec 3/

*define PSHGSTACK Ox5100 /3 PgDn,3
*define WRTFILE OxnW0 /* Ctri-PriztScrn
*define FPTNCRSE Ox6c0O /* Alt-F3 3

*define FFTDCRSE Ox~dOC /3 t-F4 3

*define ENTER 13
*define BACKSPACE 8
*define NAMESIZE 40
#define CUR.SCOL 6
#define TITLCOL 9
#define FCURSCOL 8
#define HSCALE 640
#define MODE-DEFLT 8
#include <stdio.h>
#include <io.h>
#iclude <fcmtl.h>
#inclde <stdlib.h>
"cld& <ma~h-h>
"iciude <dos-h>

#indcuda <string.h>
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/* prototype. generated from functionsa in kaystufi\fftfunco c
in& fft-aize(ugt xf);
int polar mode(ing p..m)-
float gain..et(double pi),
void fldemean(float, fdata, int iame),
void imean2fp(int idatO, float rdatU, tnt isize);
void makePspec(float rdatfj, in isize);
void normLPspec(float rdato, lo& a&vgp, iot isize),
vad colrPst.ec(float rdatQ, cha koLrea, im isne, float colocale);I
int adiffcm(const void *recl, coastl voi 'rec2);
float getscak(t up, long fdiep, long Idiap, int xfaise int idato. float rdatO. int *imin. tnt S irnax
int rnois, in& hacae. float avgpo, float 'g.mean. float *n-noise);

/prototype@ generated from functions in k .sufr\drwhbt-c/I
void dmrwHLn(int y, int xl. int U, char color);

/* prototypes generated from functions in kaystufi\ndrawvln.c 0

void drawVLn(int x, itA yl. in& y2, char *color, int cehange);
/' prototypes generated from funcions in kaysluff\coxnig.c/

vadtc~k~og ,ins vmin, int fplot);I
in& lincplot(iot ifi, long furstd. long hinc, int rnoval. int mxval. int fcapolint inoise);
void vciue(long 'fin, long 'Un, long fdisp. long Idiap. long imov, unsigned Icurs);
void hcurse(int *ub. in& db, int imov, in& upbar);3
void timc-at(long jcuuse);
void cmownl(long icuree, jot row, int lalcurse. int ip. long bhnc),
int getcwrses(long 'Mine. long Ivihne, int 'ubar, iL *dbar, long *fcurs, long "Icurs. long hinc,
itL frecipot. iot xnoise. tnt ifp);

int wrtfile(int iile. long fdisp. long ldisp);

float scaemet(float maxpowint kn);

void patest(void);
/prototypes genrted from functions in katystufr\wbuixio-c/I

int idatread(irt ip, in& xxize, long lakip. void "dat);
long fopeninp(ch~ar *fname, in& *ifile);
void fminnia (int ad~lo. in& nelem. ins *vmin. inI * vmai);
/* prototypes geneated from funct ions tn kaystuff\Plotutlax/
iot readChar(int page, char *attr);
int getktyo;
void gotoxy(ing column, int row);
it& getPa~ge(void):
void getxytint *columnn, int *row, in& page);

vaid writChar(dta~r cl i jt color, int page);
int getMode(t 'ncola);

void cursoric(int spaceinit page);I

void writString char *atr, int color. int pag);
void et.Mode(ing mode);
void cia(c&r colors);I
void readString(dim aW in&, m count);
void setpaleet.ia paketke, in& vclw);
void metrphia(int gmode);

void cfl.ine(int Line);
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*include "a1g-pro'
#include <do*sh>
*define BACKSPACE 8
*define ENTER 13
/a

RE ADc HA R
ReA" & Character from the Screen,
S/

Wi readChar(int page. char 'Mtr)

union REGS reg;
reg.ha&h = 8;
reg.hKbh = page;
inL86 (Ox1O.&reg,kreg);

*t = reg-hh;
return (reghal);

GETKEY()
uses RO.M-BIOS service to get a keycode from buffer, or wait for keyboard

Wi getkey()

uun REGS reg;
reg.h.&b = 0:
return(Win86(Ox16.&reg~kreg)); /* turboC in&86() returns AX/

GOTOXY()
Moves Cursor to Specified x,y Position and Page 3

void gotozy(int column, int row)

u~no REGS reg;
reg.h.ab = 2;
reg.hLbh = 0;
reg.h.d.b = row;
reg h.dI = column;
iniM6 (0zlO,&reg.&reg);

GETpAGE()
Returns Active Page Number

in& getPage(void)

unio REGS reg;
reg.b.ah --OxOF;
itm8(Ox1O,&reg.&M);
return (regh.bh);

GETXY()
Gets the Current Cuniw Position
0/

void getzy(int *column. int Oraw, int page)

union REGS reg,
r'q-h.ah =3;
regJh~bh pape.
W01 (OzlO~creg &reg);
*raw a reg h dh;

coan=reg h41;
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WRrTcHAR
Writes & Character to the Screen with Specified Attribute
0/

void writChar(char ch. im color, in page){|
unicm REGS reg;
reg.Ikh = 9;
reg.h.aI = ch;
reg.h.bl = color;
reg.h.bh = page;
reg.x.cx = 1;
inLM8 (OxlO,&reg,&reg);

GETmODE()

Returm Current Video Mode/
im getMode(it *ncols)

union EGS reg;
regh.ah = OxOF:
intS (OxlO,&reg.&reg);
Oncols = reg.bah;
return regh.al;}"

CURSORLqC
move the cursor right one space, wraps lines and page
-/

void cumorinc (spaces.page)

int col, row, width length;
if ((Oxil == (len#gth = getMode (&width))) II (Oxl2 == length))

length 
= 30;

length = 25:
get xy(&col.krow,page);
if ((col += spaces) >= width)(

col = 0;
row ++;

else if (col <0)

col = 0; I
if" (row > = length)

row=0;

got-y(col,ro)

GRLF
move the curo to the left margin down one line
S/

void aif(page)

{
iM col. row; I
getxy(col,row.pe);

)

WRITsTRING
Writes a String to the Sceen with Specified Attribute
cam write faster if cursorinc functions are placed in the I

I
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function itiaizatio. and col and row are updated within
the routine.

vad writStrin(dar *str, m clor, mt page)
{

char cval; in i = 0;
while (cvlJ=str(i])(

if (\n*==cval){
crif(page);
}

ehe{
writChar(cvaJ, color, page);
cursormc( 1, page);
}

i++;
I

}
/*
SETmODE()
Sets Video Mode
-/

void estMode(int mode)

union PEGS reg,
reg.h.ah = 0;
reg.h.al = mode:
int86 (0:1O,,reg,&reg);

I
/-
CLS() = Clear. the Screen
char colors = (B7)bhnk. (B6-B4)rgb foreground. (B3)forqpound intensity,

(B2-BO))b bacround
bacouad sets the fill color used
color. ham a dif en me anu under CGA
taken from Graphics Programming in C: RT Stevens 1988
-/

void cl( char colors)
{

union REGS reg;
int col-ainode;
mode = getMode(&columns);
if (colums == )
{

if ((mode == Out) 11 (mode == N12))
reg.x.dx = OxID4F;

else
reg.x.dz = Ox184F;

reg.h.bh = colon;I
else
{

egai.dx = O88;
switch (colon)

case1: regihbh a 05;
break

came2: reg.hbb z OAA;
break;

cam 3: reg.hbh = OxFF;
break

default:
reg.h.bh = 0;
break
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re..x= OX0600.

regI-~Cx = 0;

Rea~d & string from the keyboard, terminated with a \

*deftne ESCAPE OxibI
void rea4String(char 'sptr, ig count)

iat vidpsge;
vidpsgeget Pageo;

while(ENTER =('sptr++=getkey() & OxIf)
if (BACKSPACE == 'st-I)

if (count){
cursorinc(. I .vidpage);
writChar(Ox2O,Oxf.vidpage);
count-;
aptr.=2;

ese pir-;

else if (ESCAPE == *(sptr-IM)
*(sptr-1-couL)-O;
ret urn;

cursormnc( I,vidpage);3

*(sptr-1) = 0;3

void eetpaleue(int palette. imt color)

union REGS reg;

reg.h.ah =OxIO;

regh. 0

reg.h.bi= palette
inu.8(xI1O.reg.krg);

SETGRLAPHICS
W/

mtMode(gmode);
.. tpu WItS1.) aetpaiette(2.I) ;spalette( 3.33) aetpaiette(4.40);
wepdait.(SS);wetpale6.45) peepaIfAe(7,61 )aetpejette(8.47);

.etpalette( 13,52);mtpaleU*( 14.54) aetpalett*( 15.63);

ci.( (car)Ou7O),

CLRLINE
cdean, % line on the disp~mq, using my C-bkc. rutime

void cfrian(int Une){
in& i, pg;
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pg= getPage();
gotmxy(Olne);
for(i=O++<O;witChr32,1pg).curorinc(1 pg));
gotcay(Ojie);
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*inclde *naigpro"
#inclde "nagsi b"

extern ovidmode, vidpap,

ERREXrT

void errexit(char *msg){
fclooaesliO,
writString("error: - 5,vipage);
writString(uug,S,vidpap),
delay(IOO);
setMode(ovidnmode).

ID AT RE A D

int idatrad(it ip, im raise, long lakip, void 'dat){
im bytesreal;
byteareai = read(ip, "at, xsie<<1);I
Iseek~ip, Iakip«<I. SEEK.CUR);
return(bytemread> >1);

FOPENINP

long fopeninp(chm ar e m t *ifile){
*ifie = open(buazne,O..RDONLYIO.BLNARY);
while (-1 == iflle){

wri&String('Source File opening~ did not succeed. ,S,vdpage);
writStning(fn.~me,4,vidpeage);rif(vidpage);
writStrin("Ener file n~m for input file: ".1S.vidpae);
stret(nameO);

if (0 = = 'fname){
etMode(ovidmode);

errezszt( aborted from file entry");

UNLOAD

retw'n(tell(iffle)); /* return nwmber of bytesmek fl,.EK.N)

vaid fmijnmz(i datO, in& neleim int vmin, int *vUA1){

in& ivl i, imin. iaxw OU

inax = iva.
else if (ival < inin)

inn = ma;

)/0fori /
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